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I. INTRODUCTION 


A. BACKGROUND 

Since the Cold War has ended, the money allocated for new 
weapon platforms in the Navy has been greatly reduced. There 
is therefore an increased emphasis on making ships as cost 
efficient as possible. Technology has progressed to the point 
where the heat removal requirements of modern weapons systems 
have increased. Future classes of attack submarines are 
expected to be smaller in size and just as capable as the 
existing 688 class. This will require the main and auxiliary 
propulsion systems to be designed for maximum power with the 
smallest, lightest, and most cost efficient components. One 
method to reduce the main propulsion system size and weight is 
to use enhanced tubing in the main condenser. In addition, 
submarine and surface ship refrigeration systems can have 
larger capacities, and maintain the same approximate size and 
weight if enhanced tubing is used in the refrigeration 
condenser. The Naval Postgraduate School, with support from 
the David Taylor Research Center, has been conducting research 
on various types of condenser tubing with the object of 
designing smaller, lighter, and more efficient condensers. 

The DDG-51 class of destroyers was originally designed to 


have enhanced titanium tubes used for the refrigeration 


condenser to give significant weight reduction to the 
refrigeration plant. In submarines, the use of enhanced 
titanium tubes in the main and auxiliary condensers would lead 
to a major reduction in weight of the steam propulsion plant. 
Titanium has the advantage over copper-nickel, which is 
presently used in condensers, of a higher strength to weight 
ratio, as well as excellent corrosion and erosion resistance. 
This allows for thinner tube walls and higher coolant flow ` 
rates to be used, so the same overall amount of heat can be 
transferred [Ref. 1]. The improved performance of enhanced 
tubes allows the same amount of power to be produced at a 
lower turbine backpressure, allowing for the design of 
smaller, more efficient propulsion plants. Alternatively, a 
larger power output can be achieved at the same backpressure 
for a plant of the same size. Some of the disadvantages of 
titanium are that it has a much smaller thermal conductivity 


and it is very expensive compared to copper-nickel. 


B. CONDENSATION 

Condensation occurs when a vapor is cooled below its 
saturation temperature, or when a vapor/gas mixture is cooled 
below its dew point. Condensation also occurs when a vapor 
comes into contact with a subcooled liquid. This is known as 
direct contact condensation. The most common type of 
condensation involved with heat exchangers is surface 


condensation. This occurs when the vapor contacts a surface 


that is maintained below the saturation temperature of the 
vapor. Two types of surface condensation can take place. The 
first is filmwise condensation, so called because the 
condensate "wets" the surface with a continuous film. The 
second is dropwise condensation, so called because the 
condensate does not "wet" the surface, but instead forms 
distinct droplets of various sizes. Microscopic droplets 
coalesce to form large drops, which are then removed from the 
surface by gravity and/or vapor shear forces. Dropwise 
condensation results in much higher heat transfer coefficients 
(typically by an order of magnitude) than with filmwise 
condensation due to the fact that a certain portion of the 
cooled metal surface is exposed to the vapor. However, 
dropwise condensation is difficult to maintain over the life 
of a typical condenser. Many attempts have been made to 
promote dropwise condensation by using special surface 
coatings, but these tend to get ’washed’ off in the little 
long term, reverting back to filmwise condensation. Therefore, 
condensers are normally designed to operate assuming filmwise 
condensation takes place, Thus providing for a conservative 
design [Ref. 2]. 

The heat transfer rate across a condenser tube is 
controlled by the tube wall, fouling, coolant side, and vapor 
side thermal resistances. For most laboratory experimental 
work, the tubes are thoroughly cleaned before testing, so the 


fouling thermal resistance is negligible. The other thermal 


resistances vary depending on the condensing and coolant 
fluids used, tube geometry and material, and the flow 
conditions of the coolant and vapor. During condensation of 
steam, the coolant side thermal resistance is usually the 
dominant controlling resistance. 

Methods of lowering the coolant side resistance include 
the use of inserts and roped tubes. However, any increase in 
heat transfer is offset by an increase in the pressure drop 
along the tube. Although inserts provide the best 
enhancement, the large pressure drop involved generally 
restricts their use to laminar flows and other specialist 
applications. Roped tubes, which tend to incur a much lower 
pressure drop, have been used successfully in a large scale 
condenser at the Gallatin Unit 1 300-MW power plant for the 
Tennessee Valley Authority. Low pressure drop (LPD) KORODENSE 
90-10 Cu-Ni tubes were used to retube the condenser in August 
1980 (LPD KORODENSE is a particular type of roped tube made by 
the Wolverine Tube Co.). Although it cost about $65,000 more 
to retube using the roped tubes, a projected savings of 
$908,000 is expected over the remaining life of the plant 
based on actual performance [Ref. 3]. The wall resistance is 
controlled by the type of material used and the thickness of 
the tube wall. 

The vapor side thermal resistance is lowered essentially 
by thinning the condensate film. One way of thinning the 


condensate film can be achieved by changing the geometry of 


the outside surface of the tube to utilize the surface tension 
effects of the fluid. Thinning the condensate film can 
Significantly increase the heat transfer, especially for 
fluids like water where the surface tension is high. The use 
of fins, wire-wrap, and roped tubes have all been used to 
lower the vapor side resistance by causing an uneven pressure 
distribution through the condensate film on the surface of the 


tube. 


C. CONDENSATION RESEARCH AT THE NAVAL POSTGRADUATE SCHOOL 

The Naval Postgraduate School (NPS) has been conducting 
condensation research on enhanced tubes since 1982. Van 
Petten [Ref. 4] provides a summary of the research efforts on 
Single horizontal tube condensation at NPS from 1982 to 1988. 
In particular, the research has looked at many aspects of 
enhancing tubes with low integral fins. Previous researchers 
have varied the fin spacing, fin shape, fin material, and tube 
diameter to determine how the performance of the tube is 
affected. Work has been done on Single tubes and tube bundles 
at various pressures. Several different types of working 
fluids have also been used: steam, R-113, and ethylene glycol. 
All of this has been done to determine if the performance of 
an enhanced tube can be predicted, and under what condition 
the maximum enhancement will be realized. 

Previously, the modified Wilson plot technique has been 


used to find the outside heat-transfer coefficient. However, 


without an accurate inside heat transfer correlation, past 
researchers have had trouble reducing their data to provide an 
accurate value of the outside heat-transfer coefficient. 
Swensen [Ref. 5] used an instrumented tube to find the values 
of the tube wall temperatures. With a mean wall temperature 
of the tube, the inside and outside heat-transfer coefficients 
could be calculated directly. He then developed several 
inside heat transfer correlations using his data, based on the 
form of the Sieder-Tate [Ref. 6] correlation. His research 
noted that the outside heat transfer correlations were very 
sensitive to the Reynolds number exponent. 
1. Condensation Research Using Roped and Wire-Wrapped 
Tubes 
Most of the single tube condensation research done 
previously at NPS has involved the use of smooth and low 
integral fin copper tubes. Only a few researchers at NPS have 
studied the effects of wire-wrapping smooth tubes in a 
condensation application. The first was Kanakis [Ref. 7] in 
1983. He tested titanium smooth and roped tubes, both with 
and without wire wrapping, while condensing steam in a 
vertical in-line tube bundle; up to 30 tubes were simulated by 
uSing inundation tubes. Brower [Ref. 8] used the same 
apparatus as Kanakis to try and determined the effects of wire 
Giameter and pitch on the steam side heat transfer coefficient 


and to compare the effect of condensate inundation on smooth 


and wire-Wrapped tubes. Kanakis and Brower showed that the 
wire-wrapped tubes were not significantly affected by 
inundation (i.e. the wire provided better drainage down the 
bundle) in a steam condenser bundle. In a different 
apparatus, Mitrou [Ref. 9] conducted research on single tubes, 
both finned and wire-wrapped. He studied the relationship 
between the wire pitch and wire diameter for several wire- 
wrapped smooth copper tubes. Mitrou’s results showed that the 
enhancement of a wire-wrapped tube compared to a smooth tube 
could be as much as 80% for the same temperature drop across 
the condensate film. The largest enhancements corresponded to 


a P/D, ratio of between 5 and 7. 


D. OBJECTIVES 


The main objectives of this thesis were: 


1. To find an accurate inside heat-transfer correlation, 
which is not sensitive to the Reynolds number exponent, 
for use in the data reduction technique. 


2. To manufacture and collect condensation data on a series 
of titanium wire-wrapped smooth and roped tubes. 


3. To check the repeatability of results of past researchers 
on the enhancement in the outside heat transfer 
coefficient due to wire-wrapping a copper tube. 


4. To determine any effect of wire pitch and wire diameter 
on the enhancement in the outside heat transfer 
coefficient as compared to a smooth tube. 


ITI LITERATURE SURVEY 


A. INTRODUCTION 

When filmwise condensation occurs on a smooth horizontal 
tube, a thin condensate film forms around the tube. This 
condensate film provides a resistance to the heat transfer 
across the tube, so if the thickness of the film can be 
reduced, then the heat transfer rate will increase. To reduce 
the thickness of the film, several different methods have been 
used including low integral fins, wire-wrapped, and roped 
tubes. In the past, it was thought that enhancing a tube in 
this way for steam condensation would be impractical because 
the high surface tension would cause condensate to be retained 
between the surface enhancement on the tube, degrading 
performance. 

The Naval Postgraduate School has conducted extensive 
research in enhancing the heat transfer performance of 
condenser tubes. The direction of the experimental research 
recently has been to find the optimum tube for condensation 


using the various enhancement methods. 


B. FILM CONDENSATION OF STEAM ON A SMOOTH TUBE 
In 1916, Nusselt [Ref. 10] showed that for a quiescent 
vapor condensing on a horizontal tube, the thickness of the 


condensate film varied around the tube. This variation led to 


eee A ( ee 


a variation in the local heat transfer coefficient, being a 
maximum at the top of the tube where the film is the thinnest. 
Nusselt’s theoretical result for the mean heat transfer 
coefficient of a pure saturated vapor on a horizontal cylinder 


Was: 
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Nusselt’s equation has been verified experimentally for a 
stationary vapor surrounding the tube. However, in most steam 
surface condensers, the vapor is moving with some velocity. 
The velocity of the vapor affects the thickness of the 
condensate film due to the drag imparted on it by the vapor. 
Shekriladze and Gomelauri (1966) [Ref. 11] took this surface 
shear into account and derived the following theoretical 
equation for the mean Nusselt number (dimensionless mean heat 


transfer coefficient): 





Nu _ 0.64(1+(1+1.69F"* ) 1/2) 1/2 (272) 
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where: 
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F* is a dimensionless parameter which relates the gravity 
force to the shear force. At high values of F', where 
gravitational forces dominate, equation (2.2) reduces to the 
Nusselt equation shown in equation (2.1). A low values of 
F*, equation (2.2) predicts significantly higher values of h, 
than equation (2.1) due to the action of the vapor shear 
forces thinning the condensate film. 

Fujii et al [Ref. 12], in 1979, formed an empirical 
correlation for the vapor side Nusselt number from forced 
convection steam condensation data: 


Nu 


= 05:57 = 2.4 
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Again, at high values of F*, equation (2.4) gives the same 
result as equation (2.1). 

In a situation where surface shear forces are significant 
for steam condensation, equation (2.4) seems to be the most 
accurate. The reader is referred to Rose [Ref. 13] for 
further reading on the topic of filmwise condensation on a 


smooth horizontal cylinder. 


C. FILM CONDENSATION ON WIRE WRAPPED TUBES 

The technique of wrapping a wire around a smooth tube to 
enhance performance was first introduced by Thomas [Ref. 14] 
in 1967 for vertical tubes. He judged that the wire, creates 


a low pressure region at the base of the wire due to the small 
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radius of curvature. This low pressure region draws in 
condensate from between the wires (where the pressure is 
greater), thinning the condensate film and improving the 
outside heat transfer coefficient. 

The same explanation can be used to explain why 
enhancement occurs for a horizontal wire-wrapped horizontal 
tube. Figure 1 is an idealized profile of a wire wrapped 
tube. The low pressure region forms at the base of the wire 
with the higher pressure region forms between the wires. The 
amount of heat transferred through the wire is usually 
negligible compared to the rest of the surface. This is not 
only because of the high thermal contact resistance between 
the tube and the wire but also because the thicker condensate 
layer that is formed at the base of the wire tends to inhibit 
heat transfer in this region. 

1. Summary of Wire-Wrap Tube Research 

Previous researchers have found that wire-wrapped 
smooth tubes can lead to significant enhancement over plain 
smooth tubes. Sethumadhavan and Rao [Ref. 15] used single 
Wire-wrapped horizontal tubes in a steam condenser with 
negligible vapor shear and showed that the tubes had an 
outside heat transfer coefficient enhancement of between 10% 
and 45% over plain smooth tubes; unfortunately, the material 
of the tube was not specified. They used three different wire 


diameters, 0.71 mm, 1.5 mm, and 3.0 mm. The maximum 
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Figure 1. Idealized Condensate Film Profile on a Wire-Wrapped 
Tube 


enhancement of 45% was obtained for the 3.0 mm wire at a 
pitch of 15 mn, giving a P/D, = 5. The fractional coverage by 
the wire of the tube, F, in this case corresponded to 21%. 
They were trying to determine if there was a relationship 
between either F or P/D, and the heat transfer enhancement 
such that the performance of wire-wrapped smooth tubes could 
be predicted. 

The same year Fujii et al. [Ref. 16] presented data 
condensing R-11 and ethanol on a single wire-wrapped smooth 
tube. Wire diameters of 0.1 mm, 0.2 mm, and 0.3 mm were used 
on copper tubes. They showed an increase in the outside heat 


transfer coefficient of 2 to 3 times that predicted by the 
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Nusselt equation for a smooth tube. This maximum enhancement 
of the outside heat transfer coefficient occurred at P/D, of 
2. They also modeled the relationship between P/D, and the 
outside heat transfer coefficient enhancement and found 
reasonable agreement with their data. 

Marto et al. [Ref. 17] showed enhancements in the outside 
heat transfer coefficient of up to 80% for a single wire- 
wrapped smooth copper tube over a plain smooth copper tube 
condensing steam (i.e. significantly lower than that found by 
Fujii [Ref. 16] for R-11). Their results showed an optimum 
P/D, between 5 and 7. Titanium wire diameters of 0.5 mm, 1.0 
mm, and 1.6 mm were used, the difference in the results for R- 
11 and steam is the condensate retention between the wires for 
the case of steam. They then improved the model of Fujii et 
al. [Ref. 16] to account for the condensate retention and 
obtained reasonable agreement with there data. 

Marto and Wanniarachchi [Ref. 19] tested smooth and roped 
titanium tubes, both with and without wire-wrap using steam in 
a tube bundle that could simulate up to 30 tubes in a vertical 
column. For the wire-wrapped tubes, a wire diameter of 1.6 mm 
was used. They reported that the mean bundle outside heat 
transfer coefficient could be significantly increased by using 
wire-wrapped tubes. Due to the fact that they are much less 


susceptible to the effects of condensate inundation. 
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D. FILM CONDENSATION ON ROPED TUBES 

Roped tubes lower the overall thermal resistance in 
several ways; first by promoting turbulent flow on the coolant 
side disrupting the laminar sublayer. Secondly, the rounded 
geometry and grooves on the outside surface of the tube set up 
low pressure regions which thin the condensate film over much 
of the tube’s outer surface area (Figure 2). The grooves in 
the roped tube also make it easier for the condensate to drain ` 
off the tube. By thinning the film over most of the tube 
surface, the outside heat-transfer is enhanced. 

The disadvantage of roped tubes is that the tubeside 
pressure drop is increased, so more pumping capacity is needed 
to provide the same coolant flow rate as with a smooth tube. 
The magnitude of this increased pressure drop is related to 
the groove depth and pitch. There is therefore always a 
trade-off between the increased heat transfer and the 
increased pressure drop, which can only be sorted out from an 
economic standpoint. 

1. Summary of Roped Tube Condensation Data 

In 1971, Withers and Young [Ref. 19] evaluated the use 
of roped tubes in a distillation plant condenser. They 
obtained enhancements of up to 50% in the overall heat 
transfer coefficient using the roped tubes with an equal 
pressure drop across the coolant side of the condenser. 


Catchpole and Drew [Ref. 20] tested various single roped 
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Figure 2. Profile of a Roped Tube 


tubes. They varied the pitch and groove depth in the tubes 
and also obtained overall heat transfer improvements of up to 
50$. There was always an enhancement with the roped tubes; 
the optimum tube for use, based on single tube data only, 
depended on a balance between space and weight requirements 
and higher operating cost due to the increased pumping power 
required. 

Mehta and Rao [Ref. 21] tested roped aluminum tubes and 
were able to show that the outside heat transfer coefficient 
was enhanced between 16% and 38%, as compared to Nusselt 
theory for a smooth aluminum tube. Marto, Reilly, and Fenner 


[Ref. 22] tested eleven different roped tube configurations 
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(i.e. varying the groove pitch and depth) made of various 
materials. The tube was set up in a bundle arrangement to 
simulate a portion of a steam condenser. They found that the 
outside heat transfer coefficients, when compared to a smooth 
tube, were enhanced from 0.85 to 1.34 for the various tubes. 
The tubes with the highest performance had the deeper grooves 
and, as a consequence, larger coolantside pressure drops. 
They also noted that if the high performance tubes were not 
supported properly, there could be problems with tube 
vibration. 

Cunningham et al. [Ref. 23, 24] studied the use of roped 
tube bundles in a steam condenser. They looked at two roped 
tubes with the same groove depth and pitch except one tube had 
six helical starts and the other tube had two helical starts. 
Their results showed that the roped tubes increased the 
overall heat transfer coefficient by 20% for the six start 
tube and up to 50% for the two start tube. The two start 
tubes showed higher performance for the top tube in the 
bundle, but lower tubes had problems with inundation. For the 
six start tubes, inundation did not have as large an effect as 
with the two start tubes, probably due to the better drainage. 
The six start tubes would therefore give the best overall 
performance when operating in a bundle. 

In 1980, the Tennessee Valley authority retubed their 
Gallatin Steam plant Unit I condenser with 90-10 Cu-Ni LPD 


roped tubes and obtained an increase between 38% and 43% in 
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the overall bundle heat transfer coefficient, as compared to 
the original smooth tube bundle. However, the overall bundle 
heat transfer coefficient dropped as the tubes became fouled 
over a 2 to 4 month period. The fouling was removed by 
driving a stiff bristle brush through the tubes with high 
pressure air and water. After the fouling was removed, a 47% 
increase in the overall bundle heat transfer coefficient. (as 
compared to a smooth tube bundle) was observed [Ref. 3]. 
Mussalli and Gordon [Ref. 25] give a good review of the use of 
roped tubes in power plant condenser operations. Their paper 
points out that studies have shown the biofouling rate in 
smooth and roped tubes is approximately the same for the same 
water velocity. They also say that the tube enhancement may 
inhibit fouling buildup beyond a certain thickness due to the 
increased turbulence of the flow at the wall surface and that 
the use of chlorination treatment was effective at controlling 
biofouling in titanium tubes. 

In summary, previous research conducted using wire-wrapped 
smooth and roped tubes in bundles have shown that the effects 
of condensate inundation can be significantly reduced. This 
thesis research has been conducted with a view to analyzing 
the enhancements in the outside heat transfer coefficient of 
Wire-wrapped smooth and roped tubes and to determine if there 
is a relationship (with an optimum) between P/D, or F to the 


heat transfer enhancement. 
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III. APPARATUS AND SYSTEM INSTRUMENTATION 


A. SYSTEM OVERVIEW 

The apparatus used is the same as that used by Swensen 
[Ref. 5]. A schematic of the overall system is shown in 
Figure 3. Steam is generated from distilled water using ten 
4 kW, 440 Volt Watlow immersion heaters in a 0.30m diameter 
Pyrex boiler. The steam passes from the boiler section up 
through a 2.13m (ID of 0.15m) straight length of Pyrex glass 
piping. It is then redirected 180 degrees by two 90 degree 
Pyrex glass elbows, and flows 1.52m down a straight length of 
Pyrex tubing into the stainless steel test section. The 
stainless steel test section contains the horizontally mounted 
condenser tube as shown in Figures 3 and 4. A circular 
viewing port in the test section allows the condensation 
process to be observed during testing. Any excess steam 
passes through the test section and into the auxiliary 
condenser unit. The auxiliary condenser is constructed of a 
single copper coil mounted to a stainless steel base at the 
bottom of a Pyrex glass condenser section. The condensed 
water is then returned to the boiler section by a gravity 
drain in the baseplate of the auxiliary condenser. 

The auxiliary condenser is cooled by a continuous supply 


of tap water controlled by a throttle valve and flow meter. 
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Figure 3. Schematic of the Single Tube Test Apparatus 
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Cooling water for the single horizontal tube is provided by a 
coolant system. This closed loop system consisted of a water 
sump tank, two centrifugal pumps in series, a flow control 
valve, and a calibrated flow meter as shown in Figure 3. 
Figure 4 shows the details of the test section and the 
arrangement of all the temperature measuring devices used to 
measure the temperature rise across the tube. The nylon 
mixing chamber mixes the flow at the outlet to ensure the ` 
average temperature of the flow is measured. The coolant flow 
rate through the horizontal tube can be varied to adjust the 
rate of condensation on the single test tube. 

The system used to remove non-condensible gases is shown 
in Figure 5. The suction point is at the base of the 
auxiliary condenser where non-condensible gases are most 
likely to accumulate. The vacuum pump draws the air/steam 
mixture through an external condensing coil, which is located 
in the Peo lant: sump tank, to condense any steam in the line. 
The condensed steam collects in a plexiglas container and is 
drained later. The air and other non-condensible gases are 


expelled to the atmosphere. 


B. SYSTEM INSTRUMENTATION 

The electrical power input to the 440 V,. immersion heaters 
was controlled by a panel mounted potentiometer. The power 
calculation for the data acquisition system is described in 


detail by Poole [Ref. 26]. System pressure was monitored by 
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Figure 4. 
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three different methods: 


1. Setra model 204 pressure transducer. 
2. System saturation temperature converted into pressure. 


3. Heise solid front pressure gage (visual reading only). 


The calibration for the pressure transducer and temperature 
instruments is given in Swensen [Ref. 5]. 

The system vapor temperature was measured by both a Teflon 
coated and a metal sheathed  type-T  copper/constantan 
thermocouple located just upstream of the test tube. The 
condensate return and ambient surrounding temperatures were 
measured with Teflon coated type-T copper/constantan 
thermocouples. The temperature rise of the coolant in the 
tube being tested was measured by three separate methods: 

l. A single Teflon coated type-T copper/constantan 
thermocouple. 


2. A ten-junction Teflon coated type-T copper/constantan 
thermopile. 


3. An HP 2804A quartz crystal thermometer. 


The relative positions of each of these three temperature 
measuring methods are shown in Figure 4. At the outlet of the 
tube, the coolant temperature is always measured after a 
coolant mixing chamber to ensure a well averaged temperature 
measurement. 

All the data from the system instrumentation were 


processed using an HP-3497A data acquisition system controlled 
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by an HP-9826A computer. The raw data were processed and 
stored on computer disks. The data could then be reprocessed 
using a modified Wilson plot technique to obtain an outside 


heat-transfer coefficient (see section IV.C for details). 


C. TUBES TESTED 

There were twelve tubes fabricated for this thesis. Some 
of the wire-wrapped smooth tubes were the same as used by 
Brower [Ref. 8], except they were altered to fit into the 
Single tube apparatus used during this thesis. Listed in 
Table I are all the tubes that were tested and their 
associated dimensions. The tubes consisted of one smooth tube 
and seven wire-wrapped smooth tubes, all made of titaniun. 
Three different wire diameters were used at various spacings 
on the tube, providing a range of wire pitch to wire diameter 
between 2 and 10. These are also listed in Table I. 
Commercially available titanium roped tubes (Wolverine 
KORODENSE LPD) were also tested, both with and without the 
three different wire diameters. The wires were placed in the 
corrugated grooves, giving the wires a fixed pitch. In 
addition, a smooth copper tube and two of the wire-wrapped 
copper tubes tested by Mitrou [Ref. 9] were tested (see Table 


1). 
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IV. EXPERIMENTAL PROCEDURES AND DATA REDUCTION 


A. EXPERIMENTAL PROCEDURES AND OBSERVATIONS 

Titanium and copper both have different wetting 
characteristics with respect to water. However, to ensure 
filmwise condensation, both types of tubes have been 
successfully treated with a sodium hydroxide and ethyl alcohol 
solution. This treatment has been used by several researchers 
in the past at NPS. Each tube was prepared in the following 


manner: 


1. Both the inside and outside surfaces of the tube are 
cleaned using a mild soap and soft bristle brush. The 
tube is then rinsed first with distilled water, then with 
acetone, and again with distilled water to ensure there 
are no impurities on the surface of the tube. The second 
rinse should wet the entire surface of the tube with no 
breaks in the film. NOTE: the active surface area of the 
tube should not be handled during this procedure. 


2. The tube is then placed over a steam bath. 


3. Equal amounts of a 50% by weight sodium hydroxide 
solution and ethyl alcohol are mixed and kept warm to 
ensure a watery consistency is maintained. 


4. The solution is then applied to the entire surface of the 
tube with a small brush every 10 minutes for one hour. 
If the tube has not been previously treated, apply the 
solution every 5 minutes for 20 minutes. A black oxide 
layer will form on the copper tubes. A layer forms on 
the titanium tubes, but they are not discolored. 


5. The tube is then removed from the steam bath and rinsed 
with distilled water to remove the excess alcohol/sodium 
hydroxide solution. The tube should be held over the 
steam bath again to ensure that the entire tube surface 
vets easily as the steam condenses on it. The tube 
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should then be installed into the test section 
immediately afterward. Care should be taken when 
installing the tube into the test apparatus so the active 
surface of the tube is not disturbed. 
The oxide layer that forms on the tube causes very good 
wetting characteristics on the surface of the tube. The oxide 
layer is very thin so it is assumed that it is negligible to 
the overall thermal resistance of the tube. 

When the tube has been installed, the system is started up 
in accordance with the procedures given in Appendix B. Tests 
on the tubes were performed with either a HEATEX insert or no 
insert at all. The system is heated up to the desired 
operating condition, at either vacuum or atmospheric pressure, 
as outlined in the start-up procedure. The system needs to be 
maintained at equilibrium for at least thirty minutes prior to 
taking any data measurements. This is to ensure that the 
entire apparatus iS warmed up. Data were taken at coolant 
flow rates (in %) of 80, 70, 60, 50, 40, 30, and 20, and then 
in steps of 10% back to 80%. Therefore, each point is checked 
twice at different times in the run to ensure repeatability. 
Several sample sets of data were evaluated to ensure the 
temperature difference across the tube, the saturation 
temperature, and the overall heat transferred were in 
equilibrium for each particular flow rate before the final 
data point was recorded. One data set took anywhere from ten 
to twenty minutes before the system was in equilibrium so a 


data set could be recorded. 
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Swensen [Ref. 5] describes how difficult it is to initiate 
filmwise condensation on a copper tube under vacuum pressure. 
To establish good filmwise condensation for a vacuum run, the 
following should be done: 

1. Ensure coolant flow to the tube is secured. Then allow 
the apparatus vapor temperature (channel 40) to reach 
3600-3800 microvolts. 


2. Raise the auxiliary condenser flow rate to 50-60%, to 
cool the vapor temperature to ~3200 microvolts. 


3. Secure the flow to the auxiliary condenser, and allow the 
vapor temperature to rise to 3700 - 3800 microvolts. 
This forms a steam blanket around the tube. 


4. Initiate cooling water flow to the single tube being 
tested at a flow rate of at least 80%. 


5. Restore flow to the auxiliary condenser to control vapor 
temperature and pressure. Observe the single tube 
through the viewing window to ensure good filmwise 
condensation has been established. 

6. If some dropwise condensation persists, the steps above 
can be repeated. If dropvise condensation still 
continues, the tube should be removed and retreated vith 
the ethyl alcohol and sodium hydroxide solution. 

The vettablity of titanium and copper are different. It 
vas much easier to obtain filmvise condensation on the 
titanium tubes than the copper tubes. Also, it appeared as if 
it vas easier to initiate filmvise condensation on the 
enhanced tubes than the smooth tubes. Under vacuum conditions 
(pressures %12 kPa) at low cooling water flow rates, small 
patches of dropwise condensation could be seen on the bottom 


of the titanium tube at fairly regular intervals. These 


"dryout" patches appear to be the same as those described by 
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Swensen [Ref. 5] for the copper tube, and are believed to be 
caused by vortex shedding of the vapor around the tube. When 
the coolant flow rate was increased above 40%, there was 
enough condensate to spread out and cover the tube surface and 


the "dryout" patches did not occur. 


B. DATA REDUCTION PROCEDURES 

The overall thermal resistance is represented by the sum 
of the coolant side resistance (R,), the wall resistance (R,), 
the fouling resistance (R,), and the vapor side resistance 
(Rə). Since only clean tubes are used, the fouling resistance 


is negligible, (R¿=0). Therefore, 
Reotal < R,+R,+K, (4.1) 


The coolant and vapor side resistances are convective in 


nature, so they need to be related to the areas: 


R; = CS (4.2) 
R, = Ces (4.3) 
where: 

R, = inside resistance to heat transfer (K/W) 

h, = inside heat transfer coefficient (W/m^K) 

A, = effective inside heat transfer area (m°) 

R, = outside resistance to heat transfer (K/W) 

h, = outside heat transfer coefficient (W/m’K) 
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A, = effective outside heat transfer area (m) 


The effective area for the inside of the tube is represented 
by the entire length of the tube. The portions of the tube 
that are not exposed to steam act as fins, which will remove 
heat in the axial direction. The extended fin assumption and 
the associated fin efficiencies are used to account for the 
inlet and outlet portions of the tube. So, the effective 


inside area of the tube can be represented as: 


A; - RDi(L*t Ln, *L4n;) (4.4) 
where: 
D, = inside diameter of the tube (m) 
L = length of tube exposed to steam, active working length 


(m) 
L, = length of the inlet portion of the tube (m) 
L, = length of the outlet portion of the tube (m) 
T, = fin efficiency of the inlet portion of the tube 


n, = fin efficiency of the outlet portion of the tube 


The effective outside surface area is dependent on the length 
of the tube exposed to steam, the active condensation length. 


The effective outside area is represented as: 


A, = D.L (4.5) 


o 


The vall resistance assumes uniform radial conduction and is 


represented by the folloving equation: 
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mie 
D, (4.6) 
R — 
Š Zi 


R, = tube wall resistance (K/W) 


D, = outside diameter of the tube (m) 
D, = inside diameter of the tube (m) 
k, = thermal conductivity of the wall material (W/mK) 


The overall thermal resistance can be related to the overall 


heat transfer coefficient (U,) and the effective outside area 


(A.) by: 
total UA, 
where: 
U, = overall heat transfer coefficient (W/m?K) 


Substituting equations (4.2), (4.3), and (4.7) into (4.1) 


gives: 





T di 1 
= —— +R, + —_ (4.8) 
UA, hA, " hj, 


The total heat transfer rate to the single tube can be 
calculated from an energy balance by using the temperature 
difference of the cooling water across the tube and the mass 


flow rate of the coolant through the tube: 


зи 


Q = mes mM (4.9) 


The overall heat transfer coefficient can then be calculated 





from: 
Q = U,A,(LMTD) (4.10) 
where: 
SE 
in Tsat Ta (4.11) 
İ sat” İz 
where: 
Q - total heat transfer rate (W) 
m = mass flow rate of the coolant (kg/s) 
Cp = Specific heat of coolant at constant 
pressure (J/kgK) 
LMTD = log mean temperature difference 
T: E inlet coolant temperature (K) 
T = outlet coolant temperature (K) 
JL vapor saturation temperature (K) 


The inlet and outlet cooling water temperatures were measured 
with a quartz thermometer and the saturation temperature was 
measured using the vapor thermocouple (channel 40). In 
addition, a correction factor was used to account for the 
viscous heating of the coolant through the tube; there 


correction equations are shown in Appendix A. 
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Once the total heat transfer rate has been calculated, the 
overall heat transfer coefficient can be calculated by using 
equation (4.10). Now only two unknowns remain, the inside 
heat transfer coefficient, h,, and the outside heat transfer 
coefficient, h,. These are computed using the modified Wilson 


plot technique. 


C. MODIFIED WILSON PLOT TECHNIQUE 

The most accurate way to obtain inside and outside heat 
transfer coefficients is to measure the vapor temperature, 
mean wall temperature, and the coolant temperature directly. 
The coolant and vapor temperatures can be easily measured. 
However, to measure the tube wall temperature an, instrumented 
tube (with thermocouples embedded in the wall) must be used. 
With the instrumented tube, the inside and outside heat 
transfer coefficients can be calculated directly. 
Unfortunately, the manufacturing of instrumented tubes is 
costly and time consuming. Also, instrumented tubes would be 
impractical if a large number of tubes are to be tested. 

An alternative to using an instrumented tube is to solve 
for both the outside and inside heat transfer coefficients 
simultaneously using the modified Wilson plot technique. A 
detailed outline of the technique is given by Marto [Ref. 27]. 

The modified Wilson plot technique relies on the fact that 
the overall heat transfer coefficient can be reliably measured 


from experimental data. Two forms of equations need to be 
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selected for the inside and outside heat transfer 
coefficients. In this thesis, the outside heat transfer 
coefficient is represented by the equation of Nusselt [Ref. 


10] based on AT: 








372 1/4 
h = kr peghg, = 42 (4.12) 
R B,D, AT; 
where: 
a = dimensionless Nusselt coefficient 


k, = thermal conductivity of the condensate film (W/mK) 
pe > density of the condensate film (kg/m’) 

ie = dynamic viscosity of the condensate film (kg/ms) 
he, = specific enthalpy of vaporization (J/kg) 


AT, = temperature difference across the condensate film (K) 


Q = gravitational constant (9.81 m/s?) 


We also had the option of using Fujii's [Ref. 12] correlation, 
equation (2.4), for the outside heat transfer coefficient in 
the program used to evaluate the data. The inside heat 
transfer coefficient can be represented by one of several 


correlations. The general form for the inside heat transfer 


coefficient is: 


h. = CQ (4.13) 


ı d 
where Q varies with the particular correlation used. 


Using the Sieder-Tate correlation [Ref. 6]: 
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0.14 
OF = pe Re = pra | Ee) (4.14) 
i w 


where x, the exponent to the Reynolds number, can be varied in 


the program evaluating the data. 


Using the Sleicher-Rouse correlation [Ref. 28]: 


жх 


О = SF (5*0.015Re£Pry) (4.15) 
i 
where: 
004 
4+ Pr, 


Using the Petukhov-Popov correlation [Ref. 29]: 


k £|Re Pr 
c 8 (4.16) 
T 


72 
ilk, "(s (Pr2/3-1) 


——— — 


Q = 


уУ 


ҹһеге: 
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е = 11.82 log(Ke)-1.64)l”” 


K, = 1+3.4€ 


tələ 


K, = 11.7 aoe 


Substituting equations (4.12) and (4.13) into equation (4.8) 


gives the following: 


1 A. 1 
—— -R A 25 mman C ¿++ 4.17 
E i a CHA, a i , 





Letting: 
dik. A, İz (4.18) 
vo 
O 
and 
AZ 
X = E 4.19 
Be (4.19) 
a simplified linear equation results: 
Y = mX+ b (4.20) 
where 
1 
m - — ° 
C (4.21) 
and 
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= 4 
— (277 


the parameters 2 and Z are temperature dependent, so an 
iterative procedure must be used to solve the equation. A 
least squares fit of equation (4.17) is used to determine C, 
and a. The inside heat transfer coefficient can then be 
determined using equation (4.13). Since h, and U, are both 
known, the outside heat transfer coefficient can be solved 
using equation (4.8). 

It should be noted that the accuracy of the modified 
Wilson plot technique is dependent on the number of data 
points evaluated, as well as the range of flow rates used. 
The current computer system does not allow different run files 
to be combined to evaluate a tube. Each file has to be 
processed separately. This leads to scatter between the data 
runs for the values of a and C, between runs for the same 


types of tube. 


D. ENHANCEMENT RATIO 


From Nusselt theory, it can be shown that: 








q= aAT; (4.23) 
where: 
2557 aoe 
a = a AE Pr Sls 
H , D. 
q = the heat flux based on the outside area (W/m?) 
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AT,- the temperature drop across the condensate film (K) 


We also know that the heat flux can be represented by: 
q = h, Á T, (4.248 


So, the outside heat transfer coefficient can be represented 


by: 


1-55 (4.25) 


o 
From Nusselt theory, n = 0.75, so the enhancement ratio, 
based on a constant temperature drop across the condensate 


film, can be expressed as: 





Е, = 506750 e (4.26) 


where the subscripts of e and s refer to enhanced and smooth 


tubes respectively. 
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V. RESULTS AND DISCUSSION 


A. INSIDE HEAT TRANSFER CORRELATION 

Previous to this thesis, Swensen [Ref. 5] gave a 
discussion of how the inside heat transfer coefficient has 
been found at NPS. He used an instrumented tube to collect 
data at atmospheric pressure and empirically derived two 
variants of the Sieder-Tate correlation to express the inside 
heat transfer coefficient for a medium size copper tube (D, - 
12.7 mm). These correlations were represented as: 


Using a HEATEX insert: 


0.14 
Nu = 0.22 Re?: 8? ge^ (es | (5.1) 


W 


Using No insert: 


L 0.14 
Nu = 0.013 Re°:89 prin (hs | m2) 
Ww 


Swensen developed the new correlations because it was thought 
that the inlet arrangement (a 90 degree bend just prior to the 
inlet of the tube) was affecting the correlation used to solve 
for the outside heat transfer coefficient. Almost all of 
Swensen’s data were taken at atmospheric pressure using a 
HEATEX insert. When this thesis effort started, equations 


(5.1) and (5.2) were used to evaluate the inside heat transfer 
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coefficient. These two new correlations should provide 
comparable results for the outside heat transfer coefficient 
to those obtained by Swensen [Ref. 5]. The tubes studied in 
this thesis have a different inside diameter (13.86 mm) and 
are made from titanium and not copper. 

Figures 6 and 7 show the values of the outside heat 
transfer coefficient for both the titanium and copper tubes at 
atmospheric and vacuum pressures using equations (5.1) and 
(5.2) in the data reduction scheme. At atmospheric pressure, 
Figure 6 shows Swensen’s equations work well for the copper 
tubes; however, the results for the titanium tubes do not 
agree with Swensen's data well at all. In fact, a reduction 
of the outside heat transfer coefficient is shown for the 
HEATEX insert data as the temperature difference across the 
condensate film decreases, which is contrary to what was 
expected. At vacuum pressure, Swensen's equations show that 
the outside heat transfer coefficient curve is flatter than 
what is given by the instrumented copper tube data; also, the 
data shows much more scatter. There are several reasons this 
may have occurred. The first is that the leading coefficients 
for both correlations are fixed, so a change in the geometry 
(diameter) may have affected the results using these 
correlations. Consequently, the leading coefficient was left 
to 'float' to try and account for these differences. When the 
data were then reprocessed, the coefficient dropped by 30$ for 


the HEATEX insert data. This drop in the leading coefficient 
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Figure 7. Comparison of the Outside Heat Transfer Coeff 
at Vacuum Pressure using the Swensen Correlations 


was much larger than expected, bringing into question the 
validity of Swensen’s correlations for the titanium tube data. 
The other significant difference between the titanium tube 
data and the copper tube data is the range of AT,,which is 
much lower for the titanium tube. The copper tube with the 
HEATEX insert had higher AT, values for Similar coolant flow 
rates. Swensen produced his correlations for the range of AT, 
covered by his data. They do not seem to perform well outside 
this range as seen in Figures 6 and 7. Therefore, it appears 
as if the data reduction scheme recommended by Swensen should 
not be used for the titanium tubes. 

In an effort to correct the problem, other inside heat 
transfer correlations were considered. The Argonne National 
Laboratory (ANL) [Ref. 31] conducted a thorough assessment of 
several different inside heat transfer correlations for low 
temperature turbulent water flows to determine which 
correlation was the most accurate. The conclusions of the ANL 
study were that the Petukhov-Popov [Ref. 30] and Sleicher- 
Rouse [Ref. 29] correlations were the most accurate (+ 5%) in 
predicting the inside heat transfer coefficient, over a range 
of Pr=6.0 to 11.6. Both the Petukhov-Popov and Sleicher-Rouse 
correlations are given in Chapter IV.C and are based on having 
a long straight inlet section prior to the test section. 
Swensen identified these correlations as the most accurate but 


he felt that he could not use them because of the sharp bend 
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in the inlet flow arrangement for the test apparatus as 
previously mentioned. 

Both Petukhov-Popov and Sleicher~Rouse correlations were 
then used except that a floating leading coefficient was 
inserted to account for the different inlet to the test 
section, as shown in equations (4.13), (4.15), and (4.16). 
Figure 8 presents the same data shown in Figure 6 for 
atmospheric pressure, except they have been reprocessed using ` 
the Petukhov-Popov correlation for the inside heat transfer 
coefficient. It can be seen that the agreement between the 
titanium and copper tubes is much better in this case. 
Furthermore, the agreement with the instrumented tube data is 
much better, consistently within + 7%. Uncertainty bands are 
shown on this figure, and the scatter is well within the 
predicted uncertainty. In the same way, Figure 9 shows the 
same data as in Figure 7 at vacuum pressure, except the data 
have been reprocessed using the Petukhov~-Popov correlation for 
the inside heat transfer coefficient. Again the results show 
that the titanium and copper tube data compare much better 
with the instrumented tube data. Again the scatter is within 
the uncertainty of the data. Figure 10 compares the use of 
the Petukhov-Popov and Sleicher-Rouse correlations and it 
shows similar results are obtained when the Sleicher-Rouse 
correlation is used in evaluating the inside heat transfer 


coefficient. The ANL [Ref. 31] paper said: 
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Figure 8. Comparison of the Outside Heat Transfer Coefficients 
at Atmospheric Pressure using the Petukhov-Popov Correlation 
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Figure 9. Comparison of the Outside Heat Transfer Coefficients 
at Vacuum Pressure Using the Petukhov-Popov Correlation 
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It is tempting to follow the "old technology" and utilize 
n = 0.80 as the Reynolds number exponent, in accordance 
with the popular  Dittus-Boelter and Sieder-Tate 
correlations. However, more recent correlations, such as 
Petukhov-Popov and Sleicher-Rouse, have been shown to 
exhibit much better agreement with the most carefully 
obtained experimental data ... In the Pr and Re ranges of 
interest ... these correlations yield "effective" Reynolds 
number exponents in the neighborhood of n= 0.85. Thus it 
was decided to employ n = 0.85 in the Wilson plot 
procedure to generate nominal values of h,. 

With this information, the Sieder-Tate equation was then 
evaluated using an exponent of 0.85 for the Reynolds number 
and again floating the leading coefficient. Figure 11 shows 
the results for the outside heat transfer coefficient when 
using the Sieder-Tate correlation (with Re?**) and the 
Petukhov-Popov correlation for determining the inside heat 
transfer coefficient. The results show that there is very 
little difference between using these two quite different 
correlations for the inside heat transfer coefficient, giving 


confidence in the data reduction technique for the titanium 


tubes. 


B. ANALYSIS OF THE SMOOTH TUBE RESULTS 

A series of runs were made using a smooth titanium tube to 
get some baseline data for comparison with the enhanced wire- 
wrapped titanium tubes. A smooth medium sized copper tube was 
also tested to compare with the results of previous 
researchers at NPS. A HEATEX insert was used to boost the 
values of the inside heat transfer coefficient and thereby 


improve the measured accuracy of the outside heat transfer 
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coefficient. 

1. Overall Heat Transfer Coefficient 

Figures 12 through 15 show the overall heat transfer 
coefficient values for each atmospheric and vacuum pressure 
run done on the smooth titanium and copper tube. The shape of 
the curve is related to the coolant flow rate through the 
tube; as the flow rate increases the overall heat transfer 
coefficient increases due to improved coolant mixing. It is ` 
obvious that in every case, the overall heat transfer 
coefficient is higher for the copper tube (*18% for the HEATEX 
insert data and «14$ for the no insert data at a coolant flow 
rate of 2.5 m/s). Most of this increase in the overall heat 
transfer coefficient is due to the much smaller wall 
resistance (approximately a factor of 6) associated with the 
copper tube. Figures 12 through 15 also show excellent 
repeatability of the data. The effect of using a Heatex 
insert can be seen in Figure 16, which shows values of U, 
averaged for all the data taken. The HEATEX insert gives a 
significant enhancement in the overall heat transfer 
coefficient of around 20% for a coolant flow rate of 2.25 m/s. 
The vapor shear forces also effect the overall heat transfer 
coefficient (U,). It can be seen that U, is higher for the 
vacuum runs (U. * 2 m/s) than the atmospheric runs (U. € 1 m/s) 
because of the higher vapor shear effect. However, this vapor 


shear effect is small (<5%) when compared to the effect that 
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Figure 14. 
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the insert has at the same coolant velocity. 

2. Outside Heat Transfer Coefficient 

The outside heat transfer coefficient is determined using 
the Nusselt [Ref. 10] equation based on AT,, equation (4.12). 
Figures 17 and 18 show the outside heat transfer coefficient 
versus the temperature difference across the condensate film 
for all the smooth titanium tube data. Several previous 
researcher’s smooth copper tube data have also been ` 
reprocessed using the Petukhov-Popov correlation and plotted 
in the figures. For atmospheric pressure, there is good 
agreement for all the copper tube data between all the 
researchers. The titanium tube data, however, tends to fall 
below the copper tube data, agreeing more closely with Nusselt 
theory. The reason for the two Nusselt theory lines in each 
figure is due to the different diameters for the copper and 
titanium tubes. The vacuum data (Figure 17) shows the same 
lower values for the titanium tube. The reason for the large 
scatter is probably due to the much smaller coolant 
temperature rise in the case of the titanium tube, making the 
data less accurate. 

In order to compare the outside heat transfer coefficient 
of the smooth tube to each of the enhanced tubes, the Nusselt 
coefficient, a, needs to be determined under similar 
conditions for each tube. A summary of the results for the 


data reduction analysis for the leading coefficients (Ci) 
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Table II. SMOOTH TITANIUM TUBE WITH A HEATEX INSERT (PRESENT 
WORK ) 


Atmospheric Pressure HEATEX Insert 


Petukhov-Popov Sieder-Tate (Re-*) 


2.372 0.780 0.038 
0.774 
0.755 
0.748 
0.770 


FONMAHT6 2.541 0.776 0.040 0.781 
FONMAHT7 2.511 0.799 0.040 0.799 
Atm. Avg. 2.401 0.776 0.038 0.777 


Vacuum Pressure HEATEX Insert 


FONMVHT3 2.547 0.748 0.043 0.748 
FONMVHT4 2.278 0.790 0.038 0.791 
FONMVHT5 2.422 0.763 0.041 0.763 


2.416 0.767 0.041 0.767 
Total Avgs. | 2.406 | 0.770 0.039 0.774 





using the Petukhov-Popov and Sieder-Tate (Re:/*?) correlations, 
and the Nusselt coefficients (o) for the smooth titanium and 
copper tubes are presented in Tables II through VI. The 
printouts for all the data runs are given in Appendix D. The 
researcher initials are as follows: (G)=Guttendorf [Ref. 32], 
(M)=Mitrou [Ref. 9], (0)=O’Keefe, (S)=Swensen [Ref. 5], and 
(V)= Van Petten [Ref. 4]. 

When using the modified Wilson plot technique to reprocess 


the data, the leading coefficient for the inside heat transfer 
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Table III. SMOOTH TITANIUM TUBE WITH NO INSERT (PRESENT WORK) 


Atmospheric Pressure No Insert 


Petukhov-Popov Sieder-Tate (Re-*”) 
PONMANTI J. 211 0.750 0.019 0.765 


Avgs. 0.018 0.779 


Vacuum Pressure No Insert 


FONMVNT4 0.018 0.847 


NI Avgs. 1.089 0.821 0.018 
1.149 0.790 0.018 


Data Run İc | e | ci ° 
FONMANT2 1.185 0.760 0.018 0.776 


| 










Total Avgs. 





correlation can either be set with a user supplied value or 
left to "float", allowing the program to solve for the ‘best’ 
value of the coefficient itself as described in Chapter 4. 
Theoretically, if the leading coefficient is allowed to float, 
the coefficient should be about the same for all tubes with 
the same inner diameter. The tables show that the HEATEX 
inert enhances the inside heat transfer coefficient by a 
factor of around 2.5. Swensen [Ref. 5] and Micheal et al. 


[Ref. 33], show that as the vapor velocity across the tube 


60 


v n mme mund. amni eme 


= 


— a 


—и" 


increases, the value of a increases because of the thinning of 
the film caused by the vapor shear. In Tables II through VI 
there is a general trend that the value of a increases between 
atmospheric (U, * 1.0 m/s) and vacuum (U, = 2.0 m/s) runs. 


Table IV. SMOOTH COPPER TUBE WITH A HEATEX INSERT 


0 P  Petukhov-Popov | Sieder-Tate (Re'") 
[Data Run/Researcher | | e | a | e 


FNMAVSHA (S) 33767 0.819 0.051 0.823 
FNMAVSH8 (S) 3.083 0.824 0.049 0.830 


FSOMASH3 (S) 3.031 0..818 0.048 0.826 
Atm. Avgs. 3.028 0.823 0.048 0.828 


Vacuum Pressure HEATEX Insert 
FONMVHC1 (O) 2.482 0.838 0.042 0.838 


Total Avgs. 2.916 0.826 0.047 0.830 





When the titanium tube is compared to the copper tube, the 
value of a for the titanium tube is significantly less tha 
n the a for the copper tube at the same vapor velocity. The 
value of a could be affected (between titanium and copper) by 
the difference in temperature profiles at the surface of the 
tube caused by the different material thermal conductivities. 
The copper tube will exhibit a much more uniform temperature 
profile around the tube than the titanium tube. This will 


affect the properties of the condensate film covering the 
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Table V. SMOOTH COPPER TUBE WITH A WIRE WRAP INSERT 


Atmospheric Pressure Wire Wrap Insert 


ар = ЫЈ  Petuükhov-Popov İ Sieder-Tate (Re 
| Data Run/Researcher | & | e | вс a 
SMTHSTA654 (V) 0-8 
600151АЗ (C) 0-8 
S50A213 — (M) 0.8 
S50A220 (M) 0.8 
Atm. Avgs. 0-8 


Vacuum Pressure Vire Vrap Insert 


M1STV103 (V) 2.607 0227 0.044 0.8 
S001S1V3 GEN 2.538 0.818 0.043 0.8 


0.8 
0.8 
0-8 
0-8 


2.435 | 0.823 | 0.041 
Total Avgs. 2.459 0.835 0.040 





tube, which in turn affect the values of a. Another reason 
could be the fact that it was much easier to get filmwise 
condensation on the titanium than on the copper tube, 
presumably because of the different surface wettablity 
characteristics of titanium and copper with water. This could 
lead to differences in the condensate film and even some 


dropwise condensation in the case of the copper tube. 
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i Table VI. SMOOTH COPPER TUBE WITH NO INSERT 


09 İİ  Petukhov-Popov İ sieder-rate (Re””) 
[Data Run/Researcher | — c, | e | & Dos 



















500150А2 (G) 1.347 0.858 0.021 0675 
Atm. Avgs. Eoo 0.836 | 0.020 | 0.850 


C. ANALYSIS OF THE WIRE-WRAPPED SMOOTH TUBES 





















The seven wire-wrapped titanium smooth tubes fabricated 
for this thesis and two of the wire-wrapped copper tubes used 
by Mitrou [Ref. 9] were tested under vacuum and atmospheric 
conditions to find the enhancement compared to a smooth tube 
for a constant temperature drop across the condensate film. 
Previous research done in this area has tried to find the 
optimum relationship between this enhancement and the wire 
pitch, wire diameter, and the fraction of tube covered by 
wire. 

The overall heat transfer coefficients are similar to the 


smooth tube curves except that any enhancement due to the wire 
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can be seen directly on this curve. The same effects caused 
by the insert and vapor shear (as mentioned previously) also 
apply to the wire-wrapped tubes. Figure 19 shows the overall 
heat transfer coefficient for tubes 4-7 at atmospheric 
pressure with a HEATEX insert. All other U, data for the rest 
of the runs are listed in Appendix D. 

Figure 20 shows how the outside heat transfer coefficients 
for tubes 6 and 7 compare with the smooth titanium tube at 
atmospheric pressure. Tubes 6 and 7 were the only wire- 
wrapped titanium tubes to show significant enhancement. Both 
of these tubes were wrapped with a 0.5 mm diameter wire with 
pitches of 4 mm (P/D, = 7.92) and 2 mm (P/D, = 4.02) 
respectively. Tube 6 showed enhancements between 23% and 30% 
for vacuum and atmospheric pressure respectively. Figures 21 
and 22 show the outside heat transfer coefficient data for 
tubes 1 througneb. Tube 3 was the only tube to show a 
degradation in performance as compared to the smooth titanium 
tube. It had a 1.6 mm wire with a pitch of 3.40 mm (P/D, - 
2.13); the poor performance of this tube is attributed to the 
effects of condensate retention between the wires on the 
tube,which were clearly seen. The performance of tubes 1 and 
2 were similar to the plain smooth tube. Tubes 4 and 5 showed 
an enhancement of about 10% over the smooth titanium tube. 
Tables VII through XI show the results from the data reduction 
scheme for C, and o for each data run. The leading 


coefficients in front of the inside heat transfer correlation 
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Table VII. WIRE-WRAPPED SMOOTH TITANIUM TUBES WITH A HEATEX 
INSERT 


Atmospheric Pressure HEATEX Insert 


Data Run / Tube | Cc | e | E 
FONMAHITI (1) 2028 0.798 1.035 


FONMAH2T3 (2) 2.448 0.806 1.046 


FONMAH3T1 (3) 2.158 0.724 0.902] 


1.106 
1.127 
1.289 
1.304 
1.200 
| atma | 2301 


Atm. Avg. 2.301 


Vacuum Pressure HEATEX Insert 


РОММУН1Т1 (1) 
FONMVH2T1 (2) 


FONMVH2T2 (2) 


FONMVH2T3 (2) 





Total Avg. 





are consistent vith the smooth tube data, 


1.892 
2 OS 
1.948 
2.240 
1.866 
2051 
2.014 
2.160 
2.214 


156 


0.802 
057707 
Олу 
0.766 
0.618 
0.821 
0.842 
0.950 
0.946 


0855» 


as expected. 


1.045 
1.038 
1.026 
0.999 
0.714 
1.071 
1.097 
122585 
VES 
eS 






The copper tubes used by Mitrou [Ref. 9], tubes 68 and 71, 


were tested to check the repeatability of Mitrou’s data. 
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Table VIII. WIRE-WRAPPED SMOOTH TITANIUM TUBES WITH NO INSERT 





Atmospheric Pressure No Insert 
Data Run / Tube 3 


0.783 

FONMAN2T1 (2) 0.801 
0.698 
0.791 
0.837 









2:022 





1.047 







0280598 









1.034 
5093 








qə :111 


FONMAN6T1 (6) PO 1.019 
FONMAN7T1 (7) 1.191 0.866 
Atm. Avg. 1.150 


O nen l oss | ros _ 


1.010 


1.131 







Total Avg. 1.080 


discussed earlier, it was difficult to get good filmwise 
condensation over the entire tube. The enhancements found 
were higher than those given by Mitrou’s data (reprocessed 
using the Petukhov-Popov correlation) for tubes 68 and 71; for 
tube 68, differences of 10% and 17% and for tube 71, 


differences of 45$ and 6$ for atmospheric and vacuum pressures 
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Table IX. WIRE-WRAPPED SMOOTH COPPER TUBES VITH A HEATEX 
TNSERT 


Atmospheric Pressure HEATEX Insert 


Data Run Au "ıı E, 
1.719 
2.192 


Vacuum Pressure HEATEX Insert 


1.570 
1.560 
Total Avg. 





respectively. This increase in enhancement could have been 
due to small patches of dropwise condensation on the surface 
of the tubes, although it was difficult to see during the 
experiments due to condensate on the window. Figure 23 shows 
the comparison of tubes 6 and 71 to a smooth titanium tube. 
Tubes 6 and 71 have similar pitches and the same wire diameter 
and should, in theory, give similar values for the outside 
heat transfer coefficient. However, the enhancement given by 
the wire-wrapped copper tube (tube 71) is significantly higher 
(4352) than the enhancement given by the wire-wrapped titanium 
tube (tube 6). This trend tends to reiterate the idea that 
tube surface wettablity characteristics or tube thermal 


conductivity may affect the outside heat transfer coefficient. 
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Table X. WIRE-WRAPPED SMOOTH COPPER TUBES WITH A WIRE WRAP 
ENSERT 








In order to see the relationship between the wire pitch, 
wire diameter and the enhancement, the values of enhancement 
versus the wire pitch to wire diameter ratio are plotted in 
Figure 24. Also shown are the newly reprocessed data (using 
the Petukhov-Popov correlation) from Mitrou [Ref. 9], and the 
data presented by Sethumadhavan and Rao [Ref. 15]. Even 
though the experiments were conducted very carefully, the 
titanium tube data tends to show the most scatter. The data 
of Sethumadhavan and Rao (Ref. 15] and Mitrou [Ref. 9] 
demonstrate a maximum enhancement at a P/D, of about 5. The 
present data do not show such a clear maximum and tube 6 (P/D, 
= 7.96) does not appear to be in line with the data of 


Sethumadhavan and Rao or Mitrou. Extra experiments were done 
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on tube 6 to check the repeatability with essentially the same 
results. It would appear that P/D, is not such a good 
correlating parameter. 

Instead of looking at the P/D, ratio, the enhancement can 
also be compared to the percentage of the tube surface that is 
covered by the wire, F. In the research done by 
Sethumadhavan and Rao [Ref. 15], the optimal coverage of a 
tube was found to be 21$. The fractional wire coverage values 


were determined for the present titanium and copper wire- 


wrapped tubes. Figure 25 shows the enhancement versus the 
fraction of the tube covered by wire. The value of 21$ for 


the optimal value of F does not seem to hold for the data in 
this thesis or for the data of Mitrou. However, this does 
seem to be a better correlating parameter than P/D,, and the 
maximum value of the fractional tube coverage seems to lie 
somewhere between 10% and 30%. The optimal value of F for the 
copper tube used by Mitrou and the titanium tube appear to be 
different and there is a definite increase in F as the tube 
material thermal conductivity increases. Unfortunately, the 
material of the tube used by Sethumadhavan and Rao [Ref. 15] 
is not given, although the data would suggest some 
intermediate conductivity material such as aluminum. Indeed, 
in another paper by Mehta and Rao [Ref. 22] aluminum tubes 


were used. 
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D. ANALYSIS OF THE ROPED AND WIRE-WRAPPED ROPED TITANIUM 

TUBES 

Four different roped tubes were tested. One tube was a 
plain LPD KORODENSE titanium tube that was used to get 
baseline data for comparing to the plain smooth titanium tube 
and to the wire-wrapped LPD KORODENSE titanium tubes. The 
values of the overall heat transfer coefficient are much 
higher (£202) for the LPD KORODENSE tubes when compared to the 
plain smooth titanium tube. The reason for the increase in 
the overall heat transfer coefficient is mainly because of the 
corrugation of the LPD tube on the inside which increases the 
turbulence of the coolant flow, thereby reducing the inside 
thermal resistance. 

Tables 12 and 13 give the results of the data reduction 
procedure of all the roped tubes in comparison with the 
smooth titanium tube. The plain LPD tube consistently gave 
enhancements of about 20% in the outside heat transfer 
coefficient, as seen in Figure 26. The wire-wrap was put on 
the roped tube to try and get an additional enhancement on the 
outside of the tube. By looking at Tables 12 and 13, the only 
wire-wrapped LPD tube that showed any enhancement over the 
plain LPD tube was tube L3 (D,- 0.5 mm). Figure 27 shows the 
outside heat transfer coefficients for the three wire-wrapped 
LPD tubes. The wire-wrapped LPD tubes were also checked to 
see if there was any relation between P/D, or F and the 


enhancement over a plain LPD tube (h./h,,,). Figures 28 and 29 
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i Table XI. LPD KORODENSE TUBES WITH A HEATEX INSERT 


| 
Atmospheric Pressure HEATEX Insert 
E DEE MSU 


ES 


Total Avg. 2.667 





show respectively the relationship between P/D, and F to the 
enhancement over the plain LPD tube. Since the pitch here is 
fixed, Figure 28 indicates that there may be further 
enhancement possible if a smaller diameter wire is used. 
Figure 29 suggests there may be an optimal fractional coverage 
of the tube between 0 and 0.07. Based on the results from the 
wire-wrapped smooth titanium tubes, the maximum enhancement 
seen was about 30%; for the plain LPD tube over the plain 


smooth titanium tube the enhancement was about 20%. 
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Table XII. LPD KORODENSE TUBES WITH NO INSERT 


Atmospheric Pressure No Insert 


Data Run / Tube | Cc | e | E 


1.201 
FONMANLT3 — (L) 1.230 
FONMANLITI (14) 1.135 
FONMANL2T1 (L2) 1.163 
FONMANL3T1 (L3) 1.219 

2.069 


Vacuum Pressure No Insert 


1.161 
1.165 
1.041 
1.059 
1.148 


1.879 
Total Avg. 1.974 


| 











Therefore, the maximum additional enhancement expected from 
wire-wrapping the LPD tube with a smaller diameter wire would 
be about 10%. 

One reason the larger diameter wires did not improve the 
outside enhancement of the LPD tubes is that there was more 
condensate retained between the wires than with the plain LPD 
tube. This additional condensate causes a thicker condensate 
film across the lower portion of the tube, resulting in less 


overall heat transfer. The smallest wire (0.5 mm) fitted into 
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the groove of the roped tube more closely, so that the amount 
of condensate retained was about the same as for a plain LPD 
tube. Since there was no additional condensate retention, the 
wire was better able to draw the condensate film to the 
groove. The larger pressure differential leads to greater 
thinning of the condensate film and thus a reduction in the 
vapor side thermal resistance. 

In summary, the maximum enhancement in the outside heat 
transfer coefficient realized for a wire-wrapped smooth 
titanium tube was 730% with a P/D, = 7.96. A plain LPD 
KORODENSE tube showed consistent enhancements of =20% in the 
outside heat transfer coefficient when compared to a smooth 
tube. There only seems to be a minimal gain in wire-wrapping 
an LPD tube to further improve the outside heat transfer 
coefficient. However, one benefit to wire-wrapping an LPD 
tube would be to reduce the effects of condensate inundation 


in a bundle arrangement. 
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A. 


B. 


1. 


CONCLUSIONS AND RECOMMENDATIONS 


CONCLUSIONS 


The Petukhov-Popov inside heat transfer coefficient 
correlation can be used to give accurate results in this 
test apparatus. 


Enhancements in the outside heat transfer coefficient of 
up to 30% were obtained using a wire-wrapped titanium 
tube, when compared to the smooth titanium tube. (P/D, = 
7322) 


An optimal value of the fractional wire coverage of the 
tube of between 10% and 30% was found. 


For an LPD KORODENSE titanium roped tube, an enhancement 
in the outside heat transfer coefficient of up to 20% 
over the smooth titanium tube was obtained. Using a 
wire-wrap on the LPD KORODENSE tube showed little further 
enhancement. 


The surface wettability characteristics and perhaps the 
thermal conductivity of the tube material seems to have 
an influence on the outside heat transfer coefficient and 
possibly the optimal fractional wire coverage. 


RECOMMENDATIONS 


A set of tubes should be fabricated of different 
materials with fractional wire coverage of the tube in 
the range of 0.1 to 0.3, using different wire diameters 
and pitches. 


Determine the effect of vapor velocity and inundation 
effects on the titanium wire-wrapped tubes. Use the 
Fujii [Ref. 12] correlation for the outside heat transfer 
coefficient when reprocessing the data. 


Fabricate several more wire-wrapped LPD KORODENSE tubes 


using thinner wire diameters (0.1 mm, 0.2 mm, and 0.3 
mm). To determine if there is a significant increase in 
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the enhancement of the outside heat transfer coefficient 
and an optimal value for the fractional wire coverage of 
the tube. 


Reprocess the data sets using all the data for a given 
configuration (i.e. pressure, insert used, etc...) to 
determine more accurate values of C, and a. 


Conduct bundle tests to see if condensate inundation is 
reduced with wire-wrapped smooth and roped tubes. 
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APPENDIX A. SYSTEM CORRECTIONS 


A. FRICTIONAL TEMPERATURE CORRECTIONS 

When the coolant flows through the tube there is a 
temperature rise in the bulk fluid due to frictional heating. 
The amount of heating is dependent on the fluid velocity and 
the inside geometry of the tube. The actual temperature is 
small, but it can have a significant effect on the calculation 
for the overall heat transfer coefficient. The titanium tubes 
had a smaller temperature rise across the tube than the copper 
tubes, so the effect of the frictional heating is much 
greater. Measurements were made for the smooth titanium tube 
on August 7, 1992 and August 14, 1992 for the LPD KORODENSE 
titanium tube. The data is plotted in Figures A.1 and A.2. 
Runs were conducted with and without the HEATEX insert. The 
data was curve fitted to a third order polynomial as shown in 


Table A.1. 


a7 


Table A.1 FRICTION TEMPERATURE RISE EQUATIONS 


Tube/Insert Type Polynomial Equation 


Smooth/None -8.843x107”V? +1.799x107V? 
-7.B26X10””V —4.617X10P 


Smooth/HEATEX -3.30BX470””Vv 52. 122700 77 
9.73 7x 2021212. 


LPD/None 4.133x1]0 Vl +6.015x10 v= 
-1.880X10'-Vv—37306X MON 


LPD/HEATEX e2.v781lx30:22V” —l1u893x10800077 
+9 , 202x10 *V”T2.089xX10 = 


= temperature rise (`° K) 
= fluid velocity (m/s) 
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Figure A.2  Frictional Temperature Rise Curves for the LPD 
KORODENSE Titanium Tube with a HEATEX Insert and No Insert 
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APPENDIX B. SYSTEM STARTUP AND SHUTDOWN PROCEDURES 


! A. SYSTEM STARTUP PROCEDURE 
When preparing the system for taking data the following 


should be done: 


l1. Ensure the boiler section of the system is filled with 
distilled water, approximately 4 to 6 inches above the 
heaters. To fill the boiler a hose is attached between 
the distilled water tank and the boiler fill/drain valve. 
Ensure the vent valve by the auxiliary condenser is open 
prior to gravity filling the boiler. The boiler can be 
drained by ensuring the hose is removed from the boiler 
fill/drain valve. Then open the fill/drain valve and let 
the water drain to the bilge area below the boiler. 


2. If the boiler has the appropriate water level then ensure 
the vent valve and fill/drain valve are shut. 


3. Energize the data acquisition system, computer, and 
printer. Load the software program DRPOK and check for 
proper operation. Before starting any heaters check all 
thermocouples to ensure they are reading ambient 
temperature. 


4. Open the fill valve to the coolant sump tank and set the 
flow rate such that the drain box does not overflow. (the 
valve is located to the left of the boiler heater control 
panel.) 


5. Turn on the cooling water supply pumps and set the flow 
rate between 40% to 60% and check for leaks in the test 
section. Secure the flow and coolant supply pumps. 


6. Open the valve supplying water to the auxiliary condenser 
unit and adjust the flow rate to at least 30% and check 
for leaks in the system. When the leak check is complete 
reset the flow rate as desired but at least greater than 
10%. 


7. CAUTION: prior to energizing any heaters ensure that the 


system 1S under a vacuum. To draw a vacuum on the 
system, ensure the drain valve on the plexiglas container 
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is shut. Check that there is flow to the sump tank, then 
energize the vacuum pump and open the suction valve 
located on the side of the auxiliary condenser. Allow 
the vacuum pump to run until the system pressure is below 
3 psia, then shut the suction valve and secure the vacuum 


pump. 


The heaters may be energized if the system is confirmed 
to be under vacuum conditions. To energize the heaters 
three switches must be placed in the "ON" position. The 
first switch is located on power panel p5, switch #3, in 
the main hallway adjacent to H-106. The second switch, 
the heater load bank circuit breaker, is located on the 
left side of the boiler heater control panel. The final 
switch, the condensing rig boiler power switch, is 
located on the front of the boiler heater control panel. 
When the heaters are energized, the power level should be 
set at 50 volts (40 volts if the system is below 2 psia 
to limit the vibrational shock to the system from vapor 
bubble formation). As the system warms up, the power can 
be increased at 10 volt increments until the desired 
setting is reached. 


9. As the system warms up and the system pressure rises 


10. 


above 4 psia, then the non-condensible gases need to be 
flushed out of the system by drawing a vacuum on the 
system following step 7. To ensure the non-condensible 
gases collect at the base of the auxiliary condenser, 
coolant flow should remain secured and the flow rate to 
the auxiliary condenser adjusted until all the gases have 
been purged from the system. When the auxiliary 
condenser iS warm to the touch everywhere, this is an 
indication that steam is filling the entire condenser and 
little or no non-condensible gases remain. To initially 
purge the system of non-condensible gases may take 
between 15 and 30 minutes. The process should be done 
every few hours if extended operation of the system is 
required. 


To ensure that filmwise condensation is established 
on the tube being tested, the following should be 
done: 


a. Allow the apparatus to warm up to a vapor 
temperature of at least 3800 microvolts. 


b. Raise the auxiliary coolant flow rate to 50% or 60% 


to cool the vapor temperature to approximately 3200 
microvolts. 


22, 


c. Secure coolant flow to the auxiliary condenser and 
allow the vapor temperature to rise to about 3700 


microyNol te” This forms a steam blanket over the 
tube. 
d. Initiate coolant flow of 80% in the auxiliary 


condenser. 


e. Adjust the coolant flowrate in the auxiliary 
condenser to maintain the desired temperature and 
pressure for the system. 


SS. Run the software program DRPOK by pressing the "run" 


key on the keyboard. The program will prompt you 
with questions for the necessary information it 
needs as follows: 
ECE option 0.. Enter O”for takıng new-data 
Select fluid ... Enter 0 for vater 
Enter input mode ... Enter O for new data 
Enter month, date, time ... when finished press enter 
Select C, ... 0 to find C, and 1 to use the program value 
Give a name for the raw data set ... enter the name 
Enter the geometry code ... select plain or finned 
Enter the insert type used... select the appropriate value 
Enter the tube type ... select the appropriate value 


Select the tube enhancement used ... select the 
appropriate value 


Select the tube material ... enter O for copper 
Select the tube diameter ... enter 1 for medium 
Enter the pressure condition ... O vacuum, 1 atmospheric 


Select the inside correlation ... 0 Sieder-Tate, 
2 Petukhov-Popov 


Select the outside theory for analysis ... 0 Nusselt or 
1 Fujii 


2 


Select the measurement device ... 1 Quartz thermometer 


Select thevoutpute.. 0 shores mmn 

Like to check NG concentration ... 1 yes, 2 no 

Enter flowmeter reading (%) ... enter a 2 digit number 
Connect voltage line ... flip up voltage line toggle 


Switch on and press enter 


Disconnect voltage line ... flip voltage line toggle off 
and press enter 


Enter pressure gage reading ... input reading from Heise 
gage and press enter 


Change TCOOL rise? ... 1 yes, 2 no 
OK to store this point? ... 1 yes, 2 no 
Will there be another run? ... 1 yes, O no; if yes it 


returns to the step Like to check NG 
concentration for following runs 


12% Prior to continuing past the question "Enter the 


flowmeter reading" ensure the system has been 
operating at steady-state conditions for at least 30 
minutes. 


135 WARNING: carefully monitor vapor pressure during 


warmup, especially around atmospheric pressure, to 
ensure an overpressure condition does not occur. 


147 Vacuum runs are conducted at a heater setting of 90 


volts and 1980 + 10 microvolts on channel 40. This 
corresponds to T,, * 48 C, and a vapor velocity of x2 
m/s. 


15: Atmospheric runs are performed at a heater setting 


of 175 volts and 4280 + 10 microvolts on channel 40. 
This corresponds to Tas * 100 C, and a vapor velocity 
of z1 m/s. 


16. The viewing window can be cleared of condensation by 


using heated air from a blow dryer on the glass. 
CAUTION: be careful not to overheat and crack the 
glass. 


94 


(ees 


When taking readings always double check the 
flowmeter reading prior to accepting any data point. 
Also, always Conduct vacuum runs pe to 
atmospheric runs because it takes too long for the 
system to cool down to the vacuum operating 
temperatures. When trying to conduct both 
atmospheric and vacuum runs in the same day. 


B. SYSTEM SHUTDOWN PROCEDURES 


When completed taking data, the system should be secured with 


the following procedure: 


1 


Secure power to the heating elements. Turn off the 
switches on the boiler heater control panel. 


Secure coolant flow in the auxiliary condenser. If the 
system is to remain at vacuum pressure until the next 
Gata run, then the auxiliary condenser can be used in 
assisting to cool the system down. 


Secure the coolant water through the tube by securing the 
coolant pumps. 


secure the water flow to the coolant sump tank. 


To return the system to atmospheric temperature, slowly 
open the vent valve on the auxiliary condenser. Ensure 
no foreign material is in the vicinity of the vent valve 
so the system does not get contaminated. 


T£ an emergency should arise, such as an 
overpressurization or breakage, ensure the heater power 
is secured first! Let the system cool down prior to 


checking for damage. 
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APPENDIX C. UNCERTAINTY ANALYSIS 
Uncertainties are always associated with any 
experimentally determined results. These uncertainties are a 
result of many different factors including the accuracy of 
measuring devices, calibration of a device, and operator 
experience. Although the uncertainty of a single measurement 
may be small, when combined with other measurements that have 
small uncertainties into a data reduction scheme, the effect 
may be to generate a large uncertainty in the final result. 
The uncertainties can be estimated by using a propagation 
of error technique derived by Kline and McClintock [Ref. 33]. 
The uncertainty in a quantity, R, is a function of those 
variables that are used to determine that quantity. So the 
uncertainty of R can be represented as follows: 


OR Ý {3R Ý Ən mé (C.1) 
Ku (En) бл | SE ğ 


Wp = 











where: 


W = the uncertainty of the desired dependent variable 


Х,, X,, ... , X, = the measured independent variables 
И,, М., ... , Ҹ, = the uncertainties of the measured 
variables 


A complete description for the uncertainty analysis is 


given in Georgiadis [Ref. 34]. A program, originally designed 
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by Mitrou [Ref. 9], was used to calculate the uncertainties 
for this experiment. Sample outputs of the uncertainty 
evaluations are enclosed. 

| 


917 


VATA FOR@TRE RT m n 


File Name: FONMUNC 1 
Pressure Condition: Vacuum 
Vapor Temperature = 4c MD Mae | 
Water Flow Hate 2) = 80.20 
Water Velocity = 256: (m/s) 
Heat Flu. = | 461Ef0S (Wem ee 
Tube-metal thermal conduc. = 3285.0 (WZm:k / 
Sieder-Tate constant = unm S 
UNCERTAINTY ANALYSIS: 
VARIABLE PERCENT UNCERTAINTY 
Mass Flow Rate, Md 0.81 
Reynolds Number, Fe 1.14 
Heat Flu», 0 1255 
Log- Mean lem Dm ETE mo 
Wall Resistance, Ru bur 
Overall) e e TE 
mler Svde şel... Hr İle > 
Vapor em o lü. 
DATA FOR THE UNCERTAINTY ANALYSIS: 
File Name: FÜNMUNC 
Pressure Condition: Vacuum 
Vapor Temperature = 2 (Deg C) 
Water Flow Rate (%) = 20.00 
Water Velocity = m (m/s) 
Heat Flus = 8.4892E4*04  (U/m^2) 
Tube-metal thermal conduc. = 385.0 (W/m.k) 
Sieder-Tate constant = 0.0178 
ÜNE MN ye e 15. 
VARIABLE PERCENT UNCERTAINTY 
Mass Flow Rete, Md 51 


4 


Feynolds Number, Re KC 
Heat Flux, ag m. 
Loo- Mean len 611727 7 .b4 


L 


C. 


Wall Resistance, ku “sb 
Overalli e ic 5: 
Water Side hı. a 11.46 
Vapor o1deH126 Ha 486). 53 
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Ir I i OP C THE UNCERTAINTY anaes ee. 


File Name: FONMVHC 1 

Pressure Conditicn: Vacuum 

Vapor Temperature ~ 77: (Deg 2) 
Water Flow Rate (7%) = 80.00 

Water Velocity = e (m/s) 
Heat Flu. - 1500 (We) 
Tube-metel thermal conduc. = 355. Ú (W/m.t ) 
Sieder-[ate constant = 0.0415 


UNCERTAINTY ANALYSIS: 


VARTABLE PERCENT UNCERTATNTI 
Mass Flow Rate, Md 0.81 
Reynolds Number, Re 1.15 
Heat Flua, q 1525 
Coo-Méesan-Tem Diff, LMID eaa 
Wall Resistance, Ru EE 
Oeral FH. T.C., Uo 67 
5077-0656 Һи Р.С.. Н: AE 
Vangr”solde HT.Ü.. Ho 2141 
DDR THE UÜNSSEHTHTNTYSANSEYTSTS: 
File Name: FONMUHC 1 
m süre tondgition: Vacuum 
Vapor Temperature = 48.16 qusc C) 
Water Flow Rate (X) = 20.00 
Water Velocity = 15555 (m/s) 
Heat Flux = SNE TOEN (U/m 2 ) 
Tube-metal therma! conduc. = 385.0 Uu Em. Kk) 
Sieder-Tate constant = 0.0415 
UHCEPEIBSTNTYSSNBLYSIS: 
VARIABLE PERCENT SU Geren T Y 
Mass Flow Rate, Md о ди 
Reynolds Number, Re 3 SS 
Fest Plus, G “50 


Leo mean len Diff, LMTD 24 5 


Wall Resistance, Fu b 
Overall R.T CE Uo C 
Veter cide HAC., H2 t. qe 
Ven side. IS... Ho 14.09 
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DATA FOR THE OUNCER I TN Iy Pn m m. 


File Name: FONMANC 1 

PressuresGenmemiron: Atmospheric (101 hPa) 

Vapor Temperature = ger ois (Deg C) 
Water Flow Rate (X) = 80.00 

Water Velocity = 2121 mp s.) 
Heat Flu. = de EE WE a 
Tube-metal thermal conduc. = 285.0 (W/m.HE) 
Sieder-Tate constant - 0.0193 


ÜNE etli yim ии. 


VAR FABLE PERCENT UNCERTAINTY 
Mass Flow Rate, Md 0.81 
Reynolds Number, Re Laf 
Heat lur a 1.04 
Loog-Mean—tem Biff. EMTD . 48 
Wall Resistance, Ru ит 
Overall Hm STUS Tal 
Uuter-Suae 5515: 10.41 
Vapor=S idee O 2. 
DATA FOR TRE UNCER ege o 
File Name: FONMANC 1 
Pressure Comertion: Atmospheric (101 kPa? 
Vapor Temperature = 100.024 Geo. Co 
Water Flow Rate (X) - 0.00 
Water Velocity = E (m/s) 
Heat Flux = 2e1(5/Et0S Gomes 
Tube-metal thermal conduc. = 385.0 (W/m.E) 
Sieder-Tate constant = omol; 
UNCERTAINTY ANALYSIS: 
YAR EEE PERCENT UNCERTAINTY 
Mass Flow Rate, Md 2 
Reynolds Number, Re 20 
Heat Flu», o 3.00 


Log-Mean-Tem Diff, LMTD 2n 


Wall Resistance, Rw 25: 
venale eo 205 
WEE 1 10.57 
YVapor-oıde Mw He 277: 
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Per Ime UNCERTAINTY ANALYSIS: 


File Name: FONMAHC 1 
Pressure Condition: Atmospheric (101 kPa) 
Vapor Temperature = 0 CE (eget > 
Water Flow Rate (X = 60.00 
Water Velocity = 2.1 (m/s) 
Heat Flus = Do ume (Um) 
Tube-metal thermal conduc. O (1 (W/m.K) 
Sieder-Tate constant = 0.0442 
UNS TNT ANALYSIS: 

VARIABLE MELEN e Ral EN TY 
Mass Flow Rate, Md 0.81 
Reynolds Number, Re 157 
Heat Flum, q 1.01 


iBensiizan” lem. LMTO . 41 


Wall Resistance, Ru ET 
Overall. HA. TEE VO 1:09 
Water Side H.T.C. . Hi 4.54 
vapa Side H.1.C.. “Ho 2.01 
Bene Or THE UNCERTAINTY ANALYSIS: 
File Name: FONMAHC 1 
“ressurewtendıtıon: Atmospheric (101 Pa) 
Vapor Temperature = 0 (Deg Ü) 
Water Flow Rate (%) = 20.00 
Water Velocity = köbə (m/s) 
Heat Flu. = 25:75 5 (Um 2) 
Tube-metal thermal conduc. = 385.0 CUM. E) 
Sieder-Tate constant = 0.0442 
ICE jr NO LE 
AB LE PERCENTERUNCERTAINTY 
Mass Flow Rate, Md 550: 
Reynolds Number, Re 575 
Heat Flu», a 2305 


Coo Nean lendat, LMTD 514 


Wall Resistance, Rw S 
Overall MH. alo 2007 
Vu . Hi av 
Jopo Side ATI. C., Ho 775 
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DATA FOR TITHE UNCERTAINTY ñb h 


File Name: FONMUNTZ 
Pressure Condition: Vacuum 
Vapor Temperature = 48.670 (Dea C? 
Water Flow Rate (4) = 80.00 
Water Velocity = gə (m/s) 
Heat Flux = P. 248605 017757” 
Tube-metal thermal conduc. = 212 (W/m. kK) 
Sieder-Tate constant = 0.0178 
UNCERTAINTY ANGES: 
JAR TAREE PERCENT UNCERTAINTY 
Mass Flow Rate, Md 0.80 
Reynolds Number, Re İz 
Heat Flu., q ик 
Log-Mean-Tem Diff, LMTD 155: 
Wall Resistance, Rw 5.09 
Overall H.T.C., Uo 7. 
later-Sidec we Hi IES G 
Yapon-Side O 07209 
DATA FOR THE EEE TELL” 77 n 
Fıle Name: FONMUNT3 
Pressure Condition: Vacuum 
Vapor Temperature = 48.755 (Deg C» 
Water Flow Rate (%) = 20.00 
Water Velocity = 0.97 (m/s) 
Heat Flu» = "9E rog 075 2D 
Tube-metal thermal conduc. = ces (U/m.K) 
Sieder-Tate constant = el 
UNCERTAIN TONERS S: 
Yek nee PERCENT UNCERTAINTY 
Mass Flow Rate, Md 502) 
Reynolds Number, Re S] 
Heat lu, e Jb 


LUos-Hean” “ehd 57 bM . 86 


Wall Resistance, Rw 5.02 
Overall AmC S US Sree 
Water-Side H.T1.C., Hi ee 
Vapor Sıde de Һә 56:72 
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Heat Flua = 

Demek THE UNCERTAINTY ANALYSTS: 

File Name: FONMVHT 3 

Pressure Condition: Vacuum 

Vapor Temperature = 48.651 (Deg C) 
Water Flow Rate (0%) = 20.00 

Water Velocity - 0555 (m/s) 
Heat Flu- = ITOR ETOS (W/m 2) 
Tube-metal thermal conduc. = “0 (W/m.E) 
Sieder-Tate constant = 0.0421 


ки : 


VARIABLE PERCENT ONCER TARN 
Mass Flow Rate, Md 5.01 
Reynolds Number, Re 2 
Reat Flus, d ölü 


[O O ear len Diff, LMID .Б0 


Wall Resistance, Rw 5.02 
Overall HelaG.. Uo 55 
Waler—-sSide H? C .. Hı 7.40 
dasar cide MIC. Ho 1:54 
Bİ EE UHUE ee HEEN YS TS: 
File Name: FONMVHT 3 
Pressure Condition: Vacuum 
Vapor Temperature = 48.584 bea E) 
Water Flow Rate (4) = 80.00 
Water Velocity = gg (m/s) 
Heat Flux = KE am.) 
Tube-metal thermal conduc. = a e (W/mK) 
Sieder-Tate constant = 000: 
DMGERTAINTY ANALYSIS: 
Veet AB Le PERCENT UNCEBRTATNIY 
Mass Flow Rate, Md 0.80 
Reynolds Number, Re |. EE 
Heat Flux, a ә ин 
Log-Mean-lem Diff, LMTO 1.66 
Wall Resistance, Fw 5709 
E WEE Up DNE 
E Ee Ee e" Mi 70: 
anan Side IHS GC., Ho E.07 


103 


DATA FOR THE UNCERTAINTY annie] Fe. 


FONMANTS 
Atmospheric 


File Name: 

Pressure Condition: 
Vapor Temperature 
Water Flow Rate (%) 
Water Velocity 

Heat Flua 
Tube-metal thermal conduc. 
Sieder-Tate constant 


UNCERTAINTY ANALYSIS: 
VARTABLE 


Mass Flow Rate, Md 

Reynolds Number, Re 

Heat Flux, q 

Leoo-Mean- lermertt =] LMID 

Wall Resistance, Rw 

Overall o 

Water- Side AP E Hi | 


Vapor 51 de sa le | 


DATA FOR THE ÜNHLERTEƏL mesi 


FONMANTS 
Atmospheric 


File Name: 

Pressure Leon ilem: 
Vapor Temperature 
Water Flow Rate (%) 
Water Velocity 

Heat Flux 
Tube-metal thermal conduc. 
Sieder-Tate constant 


ÜHEEEİRİNL ANA eats: 
VARIABLE 


Mass Flow Rate, Md 
Reynolds Number, Re 
Heat Flua, Q 
Log-Mean-Tem Diff, LMTD 
Wall Resistance, Rw 
Uverall Hn” lo 
Water-Side H.T.C., Hı 
Vapor Side “eye ele 


a — 
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Ker Pa 
= 100.025 (Deg C) 
= 80.00 
- 3566 (m/s) 
= 5.652E4+05 (Ua 2) 
= ld (W/m.K ) 
= ovn 

PERCENT UNCERTA DN 

0.81 

1314 

ири 

67 

5-09 

Lə 

5. 74 

¡MES 

(101 Pa) 
= J dee (Deg C) 
= 20.00 
= 0:97 (m/s) 
= rA EOS m и, 
= 21.0 (W/mK) 
= 0.0181 


PERCENT UNCERTAINTY 


Oc 
m. 
. 05 
— 
05 
-07 
5 
47 


C4 CJ CJ 


— U1 (ЛЛ 





IESEL ONT ANALYSIS: 


FONMAHTE 
Atmospheric 


File Name: 

Pressure Condition: 
Vapor Temperature 
Water Flow Rate (%) 
Water Velocity 

Heat Flua 
Tube-metal thermal conduc. 
Sieder-Tate constant 


UNCERTAINTY ANALYSIS: 
VAR TABLE 


Mass Flow Rate, Md 
Reynolds Number, Re 
Heat Flux, q 
Log-Mean-Tem Diff, LMTD 
Wall Resistance, Ru 

ÜC enli J.C. — Uo 
Watem-orce HT. HI 
““Ez727z-13€€ 1.16 Ho 


DATA FOR THE UNCERTAINTY ANALYSIS: 


FÜNMAHTE 
Atmospheric 


File Name: 

Pressure Condition: 
Vapor Temperature 
Water Flow Rafe (2) 
Water Velocity 

Heat Flux 
Tube-metal thermal conduc. 
Sieder-Tate constant 


UNER TA INT ANALYSIS: 
VARIABLE 


Mass Flow Rate, Md 
Reynolds Number, Re 
Heat Flu-, q 

Kodğ”Hean- Tem Diff LMTD 
Uall Resistance, Fu 

b eral” HTC... Uo 
Water—ovde H.T.C. 
Veren ide R.I C. 


ES 
27: 


— 
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100.020 


(101 Pa) 

(Deg C?) 
80.00 
DTDS 
2504 E 05 
210 
0.0403 


(m/s) 
Chas 
(W/mK) 


PERCENTOBNEERTAINT Y 


SS 
E 
0 
"BO 
-09 
ә 
də 


518 


— 


B-—u 


(lo nn rao) 
dc 
20.00 
Dg 

3.1- 0E1053 
DIU 
0.0403 


Dem | 


(m/s) 
m 2) 
(W/m.k ) 


GESLENİSUNLEKİMİNİY 


72 
x 


EIS 


no 
E 
203 
. 08 
. 
.47 


CJ Ca Gi 


— Ny CJ (J 


APPENDIX D. DATA RUNS 


The names of the data files are listed in Tables 2 through 
13 in Chapter 5. The data files presented in this appendix 
have been reprocessed using the Petukhov-Popov [Ref. 29] form 
of the inside heat transfer correlation. The data have been 


printed out in the short form format. 
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ÜRPÜK 


Program name 


NOTE 


OWK EEF E 


Data taken by 


ə 
| 


> FONMAHT | 
end fin errect 


a 
- 


his analysis done on fil 


Tnis analysis 


Tnerma 


ıncludes 


Ce RE 


(W/m.K) 


in 


C4 


rx 


(mm ) 


ac 
ҹ eng el 


tf) 


1 


Outside diame? 


Eltuknov-Popov coefrf 


E 


Mod1 + Mer 


use 


4 
“ 


ınsıde 


Maser t 


Using HEATEX 


ЫЈ 
00 


U 


bx 


SMOOTH 


Tube Ennancement 


nNIUM 


= 
к– 
r 


` 


птасег:а1ј 


D 


Tube 


C? 
ка 
(1 
11} 
3E 
e 
Un 
E 


£— 


f— 


A c 


1 


+ 


tneor y 


Nusselt 


(Base tente =tukhov=Fopev? 


Ca 


с 
u) 
с- 
E 


I) 
uq 
0 


I 
5 
11) 


(Del-T) 


Enhancement 


mn” 


ОЈ 


CY 


H 
(W/m 


Uu Uo 
W/m” 


(m/s) 


Data 


do 


100.11 


E 


/ 


(Wim oc 
1.334ET05 


1-К) 


TA 
Su 


) 


B 


( 


2 


44.55 


42.51 


им 


~- 
CJ 
t~ 


1) 


tu) 
mı 
0 
(2 


0 
(O 


17 


LU 
(1) 


on 
Tn 


də 


. 


a 


C] 


m- 
g)? 


in 
0) 


— 
— 
t 


25:50 


1.20-2EK:04 
152555 24 


= 
y 
— 


5.2542-22 


25 


4 
1 


100.21 


We 3) 


им 


Eh 


5: 


LU) 
f=) 
+ 
ЫЈ 
(0 
LI) 
ри 


Ke 


2... o 


сә 
Lu 


(I! 
C 1 


121 


ЫЈ 
un 
f- 


{~ 


19 
сә 


ЫЈ 


со 


1.0112424 


r^ 


ЫЈ 


(- 
oo 


sab 


11) 


my 
LI) 


A 
| 


LI) 
(22 


- 


li] 


II) 


lr) 
r 


LU 


LO 
Ln 


(J) 


1) 
tn 


o 
qu 


сә 
rf 


(n 


u 
mə 


ti} 


|. 


+ (UD 
rə ın 


— ("- 


55: 


u) 


78E-Q4 


1.S000E-01 


s 


ın 
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NOTE: 


Program name : DRPOK 

Data taken by 0 KE e 
This analysis done on file : FONMAHT2 
This analysis includes end-fin effect 


reading 


Thermal conductivity = 21|.0 (W/m.K») 
Inside diameter, Di = 153.50 (mm) 

Outside diameter, Do - 15,585 (mm) 

This analysis uses the QUARTZ THERMOMETER 
Modıtredpetüknoyv-Pepe © pe tereni = 1.2090 


Using HEATEX insert inside tube 


Tube Enhancement : SHOOTH TUBE 
Tube material >: TITANIUH 
Pressure condition : niMG2GSPHE-IC 


Nusselt tneory 15 used fer Но 


E -e —J U; @) (QD — 


-] G: I J SS yin a 


Lı (based on Petukhov-Pogev) SE 

nipna (based on Nusselt (Tdel}) = 0.7740 

Enhancement (ta) = 75: 

Enhancement (02el-T: = 355 

Data VIN Uo Ho Qp 
t (MS 2 билмм (mann 7 (U// m2) 
| ENS Е әр 1 3. 5:5 Да, METU 43 
= 0 Şo :5—.: 4 Ји 12 42 
2 SE 21-06 3.287E«0z 4.01 5E 05 40 
4 23 SE 25 | “AĞI 5.85: r05 p 
5 (AE 4.56572-2 1.049E+94 2.474E-25 3 
5 0.7 FM SD ae l.LapE-^nl1 —.15der05 ON 
7 75: 4.5 98-05 a a e A ys E 
> e 4354082022 Me 00 S 35 2 45 25 
2 D cuis EIS 1202700 5 SET 05 Sie 
12 SE GE. 6525255500. Lu) 29 
ii 5 3.9 BE-0, Dee E E uc oS 10. 
E 5: с 42 да ee ww. или = 10. 
e OUS Bees ou ur E-üu£ Ee dü 

least-Scuares Line Tor Ho vs € tures 
Slope = -31.17536Е-0| 
interoe00 77 7 

Laast-saquares linear g = a*-delta- J 
a vagal yi 
Б = ws WE 

NQvS: 12 data points wene sira pe - you 

MOTZ: Va / gair: 0270700 M R - 
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i 


—_ 


U» C9 OU" P ББ — (4 CC EL) £ аз — 0 1) 


ul 


“mə 


— 


i20. 


120 


(0 C3 
i C» 


Sə «D 
C2 (0 


Cə Cə Gə tt 
ULU O O © in 


413 Ы 


O O n & ¿D 


sn Pra fa 


— 


(Í) vU Cə 


NOTE: Program name : 
Data taken by 


This analysis 


ÜRPÜK 


done on fıle : 


we ECCE 
FONMAHTS 


Tnis analysis includes end-fin effect 
Vierineal conductivity eee m.r ) 
Inside diameter, Dı = | сами ) 
Outside diameter, Do — |5.es5 им 
This analysis uses tne QUAFTZ THEFMOMETER resdings 
Modified Petuthov-Popov coeff:icient = 1.200 
Using HesTEX insert inside tube 
Tube Enhancement : ЕАЗӘТН TUBE 
Tube material : TITANIUM 
fRessues Gomertion : AMMOSPHERIT 
Nusselt theory is used for Ho 
Ew paseo omerstul hev-Pococy) сә 
Alpha (based on Nusselt (dell? = @.7S5 
Ennancement (3) = . COMME 
Enhancement (Del-T) > ән 
Data Uu ie Ho Qp iene 
4 (m/s) 075—: (m AER) (Wim 2) би) 
| 5 5:7: 2500150 4:-:000645 5 
E EN DİBE. 2:75: .. ye 5. 
5 274 5. wees EE, e Ee AE 5776 
4 55 5.043603 Dei eet. Age ME кк 
5 > 4. eE. 0 G das Í. SƏSQE+OS 55.54 
Q Is 4. 556e705 1538550: 5,2. Ergi pu sc 
7 ES 4. 48 A 1.050Е*012 3С0.2022=05 205: 
8 ДИ 4 Şa 5 1415604 2.96232E+05 577- 
Beas gispes Lime for Ho vs QU curve: 
Slope = =I. (Ji) 
ee d ee 
Leest-squares lina for q = 2-+-deita-T "tb 
a= ..4500E-04 
b = T.z909E-91 
15:57: . 00 € 0 606 in fi СОММАН1С 
ME EHE HIIS were stored ın dala ille 
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Ы) 
a 


Çə €) C3 


Cy 


O © (G LU 


С3 СӘ 


11) 


CA (D 


C 


= 413 tD 
Ty y U 


CH 
0) 


x 


NOTE: 


Program name : DRPOK 

Data taken by Er 
This analysis done on file : FONMAHT4 
This analysis includes end-fin effect 


Thermal conductivity i"Hu””” 

Inside diameter, D: = 15.56 (mm) 

Outside diameter, Üc = 15.25 (mm) 

This amalysıs uses the wer e Erme R PS sr Ee 
Modified Petukhov-Popowv coeffıcıent = 1.3000 
Using HEATEA insert inside tube 

Tube Enhancement | SPINE E 


Tube material >: TITANIUM 
Pressure condition : ÉTMOSPHESIC 
Nusselt theory ıs used for Ho 


Lı (based meli mov—- see.) Ди 
ülona (based on Nusselt (Tdel?) “ 0.7424 
-nnancement (4?) - 5— 
Enhancement (Del-T?) - 522 
Data Vw Uo Fo üp 
1 (m/s? (W/M 1 Cm b (W/m^2» 
l 0.37 ..56005 | OPE 5. m 00 
E nn. dee e Ge yi) a Ers 
2 ET: 4.7022405 022260: 5.5] 5 
4 2.08 4351535700 G.E EM: 2323.82-E”05 
> 5 SS Hee EES 
S 25 S Saz Jam eye mM: 0 0 0605 
7 0 5. 029 e c oENI .2650 025 
8 Oy ete Ga S dg. Sev; 2.90 5ET0- 
g 570 e Gg d qe UE 5: e e 
1Q 22 SG Er) 2550050 0607 € 
N sud Sr San 6 zey 
jn 25 m ed С 50-05 2, e US 
13 0 a. Es WE Way 04 e Se 
Lsası-salares Cine emo vey Ur ER 
51022 - -j.i:223E-u01 
em ee r = jr ns - 
("Aast-saugepres line tor g arae aean 
a = EE 
b = 7.5000E-0! 
NOTE 22:73 scoin*ts gera scc A 
wd Te: tI «yq, pairs 435 0607 e 
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ais analisis done on file: 


This analysis includes end-f1 
Thermal conductivity = 

Inside diameter, Di Me 
Dutsıde dı 25. Üz = | 
This analysis uses the GUSFTZ 


0 
E 


n 


ә, 
de 


y 


0 


= 
- ə 


- 
— 
– 


—4 e 


Modiriej 2050 050 coeffie 
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Tube Enhancement : 
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Prassur= condition : 
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> TITANIUM 
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SMOOTH TUEE 
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Nusselt theory is used for Hoc 
Ci (based on Feturhov-Popov) un. 
Aipna (based on Nusselt (Tdei)) = €.7 
enhancement (0) = 3 
Ennancement (Del-T) - 5 
Data Uu Uc Ho 
$ (m/s) (Ыл ә) Cum 
1 3.54 20-05 ии 0555: 
2.14 5.00: 2—-::- 
z 277: S.200ET03 1.0 2ETES 3 
4 2572 >. 0952-05 1318167: 
z İc 4g EŞ ii. Gieermi 5 
Ë EEN 1, Şale Uz I.Os4E-04 2 
7 0297 4-218E-R3 I cob > 
8 15 q.d ES. 1.0342-24 5 
5 IES dE ДЕЛ 215 1971 идр" 
10 es. e 1.054-04 5 
B ec 551565” 1200065 — 
ES 2 5: 9.373603 o 
b 55 O. 95 SU S Sl EY 
E EN e S.,cevervce > 
Esa equaras Line sese ve e угу 
SEI OR UE 
Interceot = 7.75542-95 
Pees “sanat nə For CO” aəeQelta-?” s 
а = 2.45890E+04 
Ы = 7.5000E-01 
ME eN aa m ever edın *. 
5507 pars were stored in data 
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NCTE: Program name DRFÜR 


Data takan by 570 Ера 
This analysis done on file : "PONMAHTIS 
This analysis includes end-fin effect 
Thsemadjeesnductitivlity zug "v" 
Inside diameter, Dı иј 
Outside diameter, Do =. 25 min) 
This analysis uses the QUARTZ THERFMOM 
Modified Peturhov-Popsv ecef ficient 


Using HEATEX insert inside tubs 
Tube Enhancement ` So I Sc 
Tube material 2111201) 

condi: aT MOSPFHERIC 


Nusselt theory 135 Used for Ho 


Pressure cpu 
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Enhancement (oi = NI uS 
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E 2) Edi 1.217£-024 C.5SQB5E-2S 
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b = 7.5000c-01 
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Program name : ORFOK 
Data taken by 


DEE 


İmre sis done on Tile : FONMOHT?7 
This analysis includes end-fin effect 


Theemate cemductivity 25 
Inside diameter, Ol - 1555 
Outside diameter, Do — JE 
imrenmek us the QUARTZ Th 
ecir ek movi omey <e (1c 


Using MeEmlek4vinseri insıde tube 
Tube Enhancement e Sl EE 
Tube material : TITANIUM 
SEET 2: ƏİHÜSEBELİL 
Nusselt theory 15 used for Ho 


Cı (based on Petuk hov-Popov) a... 
aloha (6036680 on Nusselt (Toei?) = 0.7 
Enhancement (oi = 5 
Enhancement (Dal-T) = m 
Data Vw Jo Ho 
# (m/s) (ул (u ee 
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6 ix dE ис WE 5 
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E AE E ee Eege 
5 mc 2.56 1066250010 b 
Ja ила e 1855 xw 
fSasi>=Queres Lin” M3 vs a curve: 
Slope = -3.15022 -9! 
intercept = 7.341I3E-45 
EE EE EE nos a-deizaT7li.5 
-5€C( -Е-2- 
= 7.5000Е-21 
MI ieee ea seints were stores oa "1 
e kalbe vers Semed in 2823 
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Data taken by 5” —— 

This analysis done on rıle : FONMANTI 
This analysis includes end-fin effect 
Thermal conductivity mU VLLL Am h 
Inside diameter, Di - 
Qutside diameter, Do = 
This analysis uses the QUSET 
Modified Pstuhhov-regey coer. ic 
Usıng ne ınsert 2314862 05€ 
Tube Enhancement See 
Tube material t EDS ill | 
Pressure condition : e E G 
Nusselt theory is used for Ho 
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Ci (based on Patukhov-Pzcnov) = rS 
Alpha ‘(based on Nusselt (Tdal)l) = 30.7504 
Enhancement (a) = aul t 
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Data Uu Uo Ho Gp Fest T 
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4 e. 4.14 7E+D3 1.05 01) e 5 28.22 So E 
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a 21.40141-04 
Ы = 7.5000Е-д: 
NOTE: 12 gata po1nts were stored 17 *ile FONMANT: 
qün: dE A- gaira ti e a 
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Program name DRPOR 

Data taken by O MEC E 

This analysis done on file : FONMANTS 
This analysis includes a effect 
Thermal conductivity = MARU AK 


B (mm: 


Inside diameter, D1 = 
Qutside diameter, Do = 16.85 (mm) 
This analysis uses the QUAFTZ THERMOMETER reac 
Modifisd Petukhoysreye eee ricleni = 1.0000 
Using no insert inside tube 
Tube Enhancement : SMODIH THEBE 
Tube material : Titania 
Pressure condition : ATMOSPHERIC 
Nusselt theory is used for Ho 
Ci (based en ““cul"bo-x22557 = 1.1888 
Alpha (cased on Nusselt í(Toel)) = 23.7550 
Ennancement (a) = ES 
Enhancement (Оеа1-Т) = 7 
Data Un Jo Ho DE 
t (m/s) (Wm тә) (Wie a.) (lur 2) 
1 o ge WE 05 li MOgrği 2: ha 05 0 
E m јән |. IBGE +04 2.5990 V am 
2 Ims 25702 MAM 25 € de 
4 5 4.2082-03 1.104Е-04 2.8572=05 ә. 
5 cT 4 OE NEE ис 1987204 6515 ис GER. 
> EOS e a 1- ider 5 ee s cen 
7 BE 450500 |095E*04 3.195295 и-- 
8 O A EE 1, KE  5.99858-25 NS. 
5 ҝр 4.Б27Е-03 1. Q@86E*04 23-.2098E-”05 20. 
10 A d. pu E). 1.1012+04 3.2942-05 0: 
11 So d, SCHEER | eS- ma E 5 oU 
HE x... A. OE | OST 2.079087 25 E 
Lasast-oquarss Line sr Ho v5 e 
Slope = -M 47982-91 
LEE EE EE us 
Lsast-squeres lina 3 2720000 7” 0 
a =. 2; 555208 ul 
Ы = 7,5=0002-1| 
NOTE: 12 data points were stored in file FONMANTS 
NCj=ai 12 8=97 na:^s were 510P2d 1057 - 
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NOTE: Program name : 


DRPOK 
Data taken by 

This analysis done on 
This analysis include 
Thermal conductivity 
Inside diamete Dı 
Outside 2.00 


diameter 


: QO’ KEEFE 
file : FONMANT4 


s end-fin effect 
xuuUü (u/m.K? 
sel e “mn 
= 15.55 M 
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This analysis uses the QUART ER 
Hog reg Petubhcv-Popov coefficient - 
UsSinammerinsert isles tube 
Tube Enhancement 2355011007 Ss 
Tube material : ә 
Pressures condition : ATMOSPHERIC 
Nusselt theory 15 used m Hc 
Ci (based on Fetuk hov-Fopov) = SISSE] 
Alpha (based on Nusselt (Тае13) = 9.7543 
Enhancement (9) = ES 
Enhancement (0e1-7) = nog 
Data Vw Uc Ho Gp 
4 (m/s) (U/m”2-K) (Wim"Z¿=k ) (W/m"2 
| Ore 2075 06 1.0568E*04 3.479E+05 
E 2702: o TD 2 —:(:- -—.. 
3 5 2. :: 50:75:5:17:1: 5:6 15 
4 60 255 6 00 1d Eyyam 5. sed 
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5 7: al a 1.02-6 24 5.41525 $05 
7 20 qd mE EQ. 1250007 ..5-cEP 25 
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ive ww 250:5::- NM UE ии 
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1: ди 2.10 1420656 0 606 
Peest—sovares Line fer do vs a cure: 
310p2 = -2.5..5E-2) 
Intersect = 7.8dS6eE+9S 
e seul: es Wine for 93 = E E, 
a= 2.5144Е*04 
B=) 7.5000c-01 
550760” mis 4 Stored 17 yla SM 
NOTE: 14 X-r paırs wers Store 1n deta file 
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Thermal ecomduc tivity = 21.0 (U/m.k) 
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Data taken by 
This analysis done on file 
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= 
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S EIE 
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VACUUM 

Nusselt theory 1s used 
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Ee” 
cor 


For Ho 


(Tdel)) = 
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stored 
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A Wim 2-k 
BE 4 


Ho 


, 


rf 


qlaza 
. 9986+394 
.0382-24 
.099E +04 
, 10O5E-04 
, 113E-04 
. 082E7-0a 
EE 
.114E-04 
07 era 


1152-24 
1428404 
1302-24 


stored in 


uu 


Әл 


FONMUHT 3 


2 


ГЈ 


“ 


i 


ul Cy F 


ОЈ Фф О -~ -> 


In 


4 


ne for Ho vs a curve: 
2 
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ay oy -J (Ul 
f r) + E 


U1 +— M -] 


.0 (W/mK? 


a) 0) 
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de «+ 


data 


SE 
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de 


(mm j 
(mm ) 


RMOMETER readings 
n 


t — 


C4 r3 


Gp 


( Un A ) 


.20622*05 
EE 
150/960 S 
Be 
.407E+05 
.44Б2-92 
sl e») 
dak” 05 
4 rrt 
dI ETOS 
e os 
JN CTS 
JEE 
5.2642-25 
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2 FONMUETS 
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—— — — — -— de -- 
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Program name 


Data taken by 
This analysis done on file 
This analysis includes end-fin effect 
Thermal conductivity 
Inside diameter, Di 

Outside diameter, Do 
This analysis uses the QUARTZ THERMOMETER readings 


DRF OK 


tb EE 


200:0 ии, 


FONMVHT4 


= 13.68 (mm) 
= 15.85 (mm) 


Modified Petukhov-Popov coefficient = 1.0000 
Using HEATEX insert inside tube 
Tube Enhancement Se mili 
Tube material TITANIUM 
Pressure conditicn VACUUM 
Nusselt theory 15 used for Ho 
Ci (based on Petukhov-Popovy ) = 2.2780 
Alpha (based on Nusselt (Tdel?) = 0.7900 
Enhancement (q) = = 
Enhancement (Del-T) = ИЗ 
Data Vw Uo Ho Ap 
4 (m/s) ( W/m^Z-Mk) Uu AO (W/m^2? 
| 27 EG 1.153E:04 1.5856+@5 ze 
2 SES 5. 5 š 1. ТБЛЕ- 204 1.45565E+05 EN 
E 2.75 5.583E+03 1.158E+04 1.33Z2E+05 E 
4 55 5.532785 1.19924*04 1.380E+0S ә 
5 2150 Ee c l.175E*04 1.3539&+@S m 
5 57: 5 2522 25 1.1652*24 1.2982=02 ри 
a EE S 203 bees 1.188E-04  1.273:E-*05 1d. 
8 pur? 4.305E 905 | eee Pel 25 3 
B Oe Дд142 Ели 1.3266+@4 1.0652=05 8 
10 1 4.307E+OS 1.243E+24 1.18285E+05 q 
il 1556 sis ир 1.178Е-*04 1.274Е-22 10 
ES 2:40 5.424E+03 1.178E+04 1.350E+05 IE 
e aes 5 5302-05 1. 177/6404 1.20 005 ki 
14 2.78 5.5607E+05 1.15858E+04 1.4052-02 ES 
15 205 55:55:02 1.154E+04 1.4552-02 ES 
16 3.83 Si e; 1.143E+04 {| .4646+95 b 
Least-Squares Line for Ho vs q curve: 
Siege mca EO 
Intercept = 5.85931E+95 
Least-squares line for q = atdelta-T"b 
a= 2.1743E+04 
Ы = T.5200E-21 
NOTE: 16 data points were stored in file FONMVHT4 
NOTE: 16 X-Y pairs wer2 stored in data file 
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48. 
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48. 
48. 
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-) ОЛ UJ N 0) 


(J) (Hñ 


— 
~) @ -1 C4 (N CO CD a 


oli la Gg Ül UNo < 


ee Eden 


0 (9) P.s Ww CO 


NOTE: Program name DRPOK 
Data taken by Q'KEEFE 
This analysis done on file FONMUHTS 


This analysis includes end-fin effect 


Thermal conductivity = 
Inside diameter, Di 
Outside diameter, Do = 


21.0 (W/m.K) 
12-00, 


ME SIS mm ) 


This analysis uses the QUARTZ THERMOMETER readings 
Modıfied Petukhov-Fopov coefficient = 


Using HEATEX insert inside tube 
Tube Enhancement 
Tube material 
Pressure Condition 
Nusselt theory is 


TITANIUM 
VACUUM 
used for Ho 


SMOOTH TUBE 


Ci (based on Petukhov-Popov) = 2.422 

Alpha (based on Nusselt ‘(Tdel)} = 0.7627 

Enhancement (q) = .845 

Enhancement (Del-T) = . 881 

Data Yu Uo Ho Qp 

t (m/s) E n Ga ə E) (W/m"2) 
i DES 45:12:55 1.202E*04 1.08272E+05 
2 IT? 4.81 E705 1.1652*04 1.215E+05 
3 m 17502 1.141E*04 1.301E+05 
4 205 5.274E*93 10555 gi 1.390505 
5 2.30 55: I. EZ62904 1.2362E-05 
5 Rog S 420210" 1.097E+04 1.385E+05 
Ti 5 S.S İDE mü 1.096E*04 1.395&+05 
8 Sq 555: 1.105E-04 1.440E-05 
3 3.04 ŞE 5 120555 ..7. 165 05 
12 2.9 SE > İSEDE 0 1.9 5ET05 
b 0275 5.500E*05 1555050 1.404: *05 
bx cS) 5-370795 1.124£404 1.347E+95 
E 277 557:55: 15125 001 05 си 
14 1.58 22 em Us 575—1:.:5:5:5-:- 
5 15- 4.5742-05 1.1622204 1,1952=05 


Mediot-sdtiares Line for ro vs Q Curve: 
Siope = -5.11552-21 
Intercept Er 


for q € asdelta-i”b 
= 055sr-r04 


Least-squares line 
a 
hə 7.S5000c-01 


NOTE: i5 data points were stored 


NOTE: 15 A-Y pairs were stored in data 
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in file FONMUETS 


rile 


. 0000 


= Sy) t 


JIT) - 
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E) 
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кн E[JFTFJCUICILÓ TM 97 
Ci r) Ul iD CI OO + 
gQ) t 


— Pp ın 0) € 


Der 
(09 


. 00 
525 
.41 
SE 
. 7 


. 45 


> PJ 


ha E 


CE 


Es E: 
0) 03 03 CO СӘ 0 0 


јә 


to 


Pa 


U 


О) Са 413 On 


ils 


) er 
-] Q 


WEEE G OO =) =) Est ek EK ÜN 
(5 СӘ 1) (4 uo Fr o 02 UT! ul C» r2 UI + 


NOTE ә 


Data taken by 


y 


rogram name DURE ЛИ. 


his analysis done on file : FONMUNT2 


This analysis includes as effect 
Thermal conductivity no un 
Inside diameter, Di = E ( mm? 
Qutside diameter, Do 22175 507 
This analysis uses the QUARTZ THERMOMETER readings 
Modified Petukhov-Fopov coefficient = 1.0000 
Using no insert inside tube 
Tube Ennancement SOU PETISE 
Tube material TEEN 
Pressure condıtıon VACUUM 
Nusseit tneory ıs used for Ho 
Ci (based on Petukhov-Popov) = 1.0822 
Alpha (basedwon Nwese te (Tdel @e= 0.205 
Enhancement (q) = 2375 
Enhancement (Uel-T) = 2307 
Data Vu Uo Ho Öp Ten 
tt (m/s) Cm | (W/m^2-K ) (W/m^2) Ge 
| 5 R. 025 |1.289Evü04 1.24428“05 3.8] 
= 25:70 4.9012403 1.20 |. be 25 = XU 
3 2:7: 4 TO EOS Mos EA. == с 8.55 
4 sə 2 0 01.345952 701 1.0999: 05 5.54 
- Zei 4.4506570: 1.35363E+04 1.09829E+35 m .- 
6 2.08 A EE 5 l.o48E*041 1.045рид= 7 
2 Bee 4.081E-*032 e eld (uğ S 7.41 
8 1: 23.020502 | GE 04 ër EB = sssi 
E О 2:275E902 1.4238-04 7.4552-24 “57 
10 [65 A ENEE 1.388E-Q04 1.2152-25 mə 
11 TE A.M EEUU 1.3672-=24 1.1788£-25 555: 
be 255 Ee 1.225525 E 1.22 05 SI 
Least-Squares Line for Ho vs q curva: 
Slope = ISE 01 
Intercept = ити иси 
Least=sguares lins Torn ea <> 
а = Z2,.25800ETU4 
Бин ии ОЛ 0ФЕ 11 
NOTE: 12 data points were stored Sm ftue HUN 


NOTES li 


2 X-Y pairs were stored ın data File 
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al. cdd ELEC Less d zd e E d 


1- op OSO Y DD) Fr) =~) A CO Gar) 


tn 


gel 


NOTE: 


(1 


LA Cl — S ОЈ С0 -] G) Ul e СЈ 4034 — 


VJ —6— — $a —k —a — —A və — 
–) О3 (Л 4- 


S w ад 


Program name 


Data taken by 
This analysis done on file 


This analysis 


DRPOK 


Thermal conductivity 
Inside diameter, Di 
Outside diameter, Do 
This analysis uses the QUARTZ THERMOMETER readings 
Modified Petukhov-Popov coefficient = 
Using no insert inside tube 
Tube Enhancement 
Tube material 


Pressure 


Nusselt 


SO meno) 
theory 


(Dased on Nusselt 
(q? 
(Üei-T) 
Vw Uo 
(m/s) (W/m^2-kK») 
5500 4.5542-03 
572 25006 
25 4. S86E 95 
SEN i, See two 
655 2.350 03 
15: 2256 00 
05: 5.07 4-05 
ira 2655: 
Ud GJ RE LU 
e i SS 
77: DE 
500 EES 
2.02 4d.2462-053 
2919 4. (636E 93 
5557 4.97 72795 
2755 dS mU) 
70 4160500022 
5 25 :- 
loud 5o55B8E*0. 
75: 2 905.E”23 
-Squares Line for 
ne DOSE 
ercept 5 :-- 
-sQuares line for 
2.19472-04 
71 (509002-0| 
¿2 data po 
0 X-Y pairs wers 


OL EEDE 
FONMUNT 3 


shou TUBE 


T 


ITANIUM 


VACUUM 


(based on Petukhov-Popov) 
Alpha 
Ennancement 
Enhancement 


(Tde 


1s used for Ho 
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Ho 


(W/m*2-kK ) 


mmr mmm M rl mee 


z aedeltfa”” 


TSE yu 
"oU 
MO 
vE Ј 
1501524 
50: 
.508E£*04 
.416E+04 
.4654E*04 
PASEOS 
.2482Е-24 
TES ga 
Ea 
A 


.248E«04 


Оз О) =I & 


0 (y 0) 


ЫЈ © 


E | CU) (iD cn A — =$ 


-JO 0 — — — — — — — — -J D 


~J 
~J 


~J 
Оз (л 


includes end-fin effect 
2:70 
iuum 
= 15.85 


(W/m.K 
(mm ) 
( mm) 


Op 
(W/m"Z? 


.adoETU5 
24-06 
see 005 
.08Б2*25 
.353E+04 
. J86E*04 
.590Er04 
.041E301 
.5062-04 
.0822*05 
.1462*95 
“sürüc 
JMecr 95 
Mese rl 
2248 0 
Фрс s 
un E rs 


f 
( — — 


EE 
gece d 
-445E+04 


) 


1.0020 


Ul О) -J OO 43) СӘ YU CO wow UI G! Ú] 067 -J Qu 
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NOTE 


Program name : ОРРОК 

Data taken by Ер 
This analysis done on file = FONMUNT4 
This analysis includes "emg-iam ef feet 


kaac nada “onuuctıvity 0 m.K ) 
Inside diameter, Di - 15.85 (mm) 
Outside diameter, Do SS OM) 


This analysis uses the QUARTZ THERMOMETER readings 
Modified Petuknov-Popev coefficient - 1.0000 
Using no insert inside tube 
Tube Enhancement Sg NN BE 
Tube material TITANIUM 
Pressure condition VAGÓN 
Nusselt theory is used for Ho 
Ci (based on Fetukhov-Fopov? = 1.0742 
Alpha (based on Nusselt (Tdel}) = 0.8455 
Enhancement (a) = 7572 
Enhancement (Del-T) = nd 
Data Vw Uo Ho Qo les 
8 (m/s) (Ы/м?2-К) (W. ek) 507777 CCP 
| S uS 2182 12 1.328E+94 1.2742+05 9:53 
2 57 GE 15505 1.7 с Slee 
3 578 402555 02 1.407E+04 1.18356+05 5.41 
4 — dE TUS 1.413E+04 1.110E+05 7.38 
5 I A ieee too 1,502224*04 1.037E+05 7. 
5 uz SE S 1.555Е-04 9.2342*04 Елә 
7 057: 5.15950 1.75654E+04 7.792E*04 4. 4 
8 Ip Ar > 1.5502=04 9.256E704 25. 
9 o" 3.1612*25 1.7472+04 7.7652424 4,45 
10 ¡Pa 4 1866 05 1.4542Е*=04 1.0572-25 7.05 
n & 20 4,4752=05 l.455E*04 1.1252-05 75 
IS 27 10525: E 1.2662-24 1.150Е-05 55 
15 57 4.914E-97 1.24SE+OQ4 1.214E-28 с 
IS 5.63 S.190E-035 | mE Is p 0 20 
leasteSaquares Line for Ho vs q curve: 
Slope = CBS] 
intarocs2? = Saget 22705 
Least-squares time Por q = atdala | 5 
a= 2.,d40l1z-üd 
be 7.5000E-01 
NOTE: 14 data points were stored in file FONMUNT4 
NOTE: 14 X-Y oars were stored 112505 0 € 
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Program name 


Lui 
EN 


Data taken by 


FONMUNTS 


This analysis done on file 


This analysis 
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Thermal conductivity 
Inside diameter, Dı 


15.585 (mm? 


Outside diameter, Do 


This analysis uses the QU 
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tube 
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Tube material 
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NOTE: Program name : ORPOK 
Data taken by 75: EEE 
[nis analysis done on file : FONMAHITI 
This analysis includes end-fin effect 
Thermal conductivity = 21.0 (W/m.K) 
Inside diameter, D: = 13.86 (mm) 
Outside diameter, Do = 15.85 (mm) 
This analysis usss tne QUARTZ THERMOMETER readings 
Modified Petukheov-ropo weverolemi = |.2222 
Using HEBTEX insert “pen üne 
Tube Enhancement : WIRE-WRAPPED SMOOTH TUBE 
Tube material : TITANIUM 
Pressure semditL1on = ATMOSPHER Ie: 
Nusselt theory is used for Ho 





C1 (based on Petukhov-Popov > =s 

Alpha (based on Nusselt (Tdel)) = 0.7981 

Enhancement (q) = 1.047 

Enhancement (Del-T) = 4:5 

Data Vw Us Ho Op Teli Ts 
4 (m/s) UL nün em əəə” Qul ae Cee (C 
i 6. lr S 1.235E+*+24 5.8854 65 SC yas gS. gE 
x 251: UE ELS Ss Lea 25 99.90 
E öyə GE EE ae ŞE pos 35.51 190274 
4 кк DONE Leed,  3.52459995 255- SS = 
5 105 24:05:50: 1.287E*04 3.49656E+25 32.17 100124 
5 571 3055 000 iz O05 322696705 22552 Oc 
1 0:07 20:55 10250 . 36 4555 doza 
8 Hə. 4.5565Е-25 In BEL. 20 Eat a a 323.22 
g O > OIG ES 2ean ДИ 27: gos 
10 es det Leed ee Aen vw L 100578 
14 220 С.0722-23 100:“05:04 3.Bb70E+05 34.29 100.08 
ps 2 a e 5 ME) 5 8-26 25:24 693 8 
l5 257: 2777208 1256004 270-606 20 e 53 = 
LA Bel би" 1.2412=04 3.953E£+*95 33.00 120.28 

Least-3nuares Luz955 Ho “250 r = 
Slone s c ERJ! 
Intec c ep e np E 15 

Least-squares 10060 0 o 6 ac us 
a > web er 
D = a 7.S000E 9: 


NOTE: 14 data points were stored in Т11е РӘММАН:Т1 


NOTE: 14 £-Y pairs wara stored in gata “iis 
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NOTE: 


Program name : DRPOK 

Data taken by : (67 (Sere 

This analysis done on file : FONMANITI 

This analysis includes end-fin effect 

Thermal conductivity 21.0 (W/m.K) 
Inside diameter, Di = 15.865 (mm) 

Outside diameter, Do = 15.85 (mm) 

This analysis uses the QUARTZ THERMOMETER reacings 
Modified Petukhov-Popov coefficient - 1.0000 
Using no insert inside tube 

Tube Enhancement N E URAT ED SMOOTH TUBE 
Tube material : TLİANLU" 

Fees supero nation : ATMOSPHERIG 

Nusselt theory is used for Ho 


Ci (based on Petukhov-Ponpov ? s 1.1307 

Aloha (based on Nusselt € Tdel)) = 0.7825 

Enhancement (q) = 1.032 

Enhancement (Dael-T) = lovee 

Data Vu Us Ho Qp Her T 
2 (m/s) Ора (W/m 2k? Cua 2 Cee ( 
1 57:21 4.8078-03 1.077E+04 3.467E-25 55713 7: 
2 2.17 4.588E-03 İ 10504 35.395e+05 275: 2757 
3 270 4 4065 1.1112Е204  Á3.257E-*05 2505 3 
á “29 1. Meme «ip | WOEETUS 3.101E-ö5 55.55 27 
E 17 с vE 05 İ.1408-404 2.885E-05 25250 EISE 
6 141 5 .БӘБЕ-ИБ (wee yi 22.60 (2625 255 427 
7 0.97 3. 158E 10E POJE Aa 2 555 = 15521 care 
B 1: esu wer yl. .bi let 26 d E 
3 QT 2. WSQ E +O Š e 00 2.2 er P 17:42 gen 
19 5. 3 4ОС S NE yam 2 303E*05 25: dE 
Lİ ms 4. 25M E TU Jr UA 3.1: -- 05 noe uou Lu) 
J — 45105 6 5-..€ € те gg. s 
Ls 7:- 4.8505 1.09805 9M 5.41: -0S 21571 77 
4 EDS å., 71296-03 Ee E EE sy yz 

Laast-Squares L:ine for Ha vs aq curve 
Slope сист си 
7:5 e 7050 E 

Leas oana es line cor g = a+tdabta-T b 
o Ta ERU 
m- .sSuğuE-21 

NOTE: 14 data points were stored in file FONMANITI 

AS aa yere stored in data file 
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NOTE: Program name : DRPOK 
Data taken by EE E 
This analysis done on file : FONMUHIT: 
This analysis includes end-fin effect 
Thermal conductivity ei Q (W/m.K) 


Inside diameter, Di = 15.86 (mm) 

Outside diameter, Do = 15.85 (mm) 

This analysis uses the QUARTZ THERMOMETER readings 
Modified Petukhov-Popov coefficient - 1.0000 
Using HEATEX insert inside tube 

Tube Enhancement SOWIDRELHDBAPPEDISMMESE TUCE 

Tube material : TITANTOM 


Pressure condition : VACUUM 
Nusselt theory is used for Ho 


Ci (based on Petukhov-Fopov) 1.8913 
Alpha (based on Nusselt (Tdel)) = 0.8018 
Enhancement (q) = 1.061 
Enhancement (Del-T) - 1.945 
Data Uu Uo Ho Qp Ten T 
t (m/3) (лли 5) (UZ) Cun) (67 ( Cg 
1 2:5: 5. 745e703 1.136604 1.383Et0S lim 48.85 
2 251: 5.65661E+05 1.22 E av 17-25 Lı 48.72 
3 72 EE 2 1.244E*04 1.321E+05 14562 48.82 
4 2.0 E EE Lee 1 iz Us 10.18 48.74 
5 1.86 5.007E+03 1.255 024 ]. 197E 0S 9.35 48.85 
6 1.41 4 .660E+03 1.233756 04 1.0105b505 65 48.78 
7 DEG dE 1.372604 9.725 4 rau 48.59 
8 Ди 4.555 o l. ¿SEUL 1.107505 SES 48.82 
q О 4 1166 205 12.58: 92.75: 5:93 48.82 
10 55 5.005E*03 |.25026604 1. 005 4205 aac 48.69 
in 272 CB PERS 1.22 ei VS von 43.71 
b 77 5.500E+03 1.2362 604 1.352165778 105 — 48.71 
b jn 5.641E+05 1.2152*24 1.352£+05 İL. 43.63 
14 BS 5. 740E 03 ita egg o WE 11575 48.06 
Least-Squares Line for Ho vs q curve: 
Slope ә ur e ni 
[Intercept = “seee2e1e- os 
Least-squares line for q = atdelta-T“b 
a = EE 
b = 7.5000E-01 


NOTE: 14 data points were stored in file FONMVHITI 


NOTE: 14 X-Y pairs uere stored in data file 
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NOTE: Program name CRPOK 
Data taken by sis 
Thıs analysıs done on file FONMUNLITI 
This analysis includes end-fin effect 
Thermal conductivity = 21.0 (W/m.K) 
Inside diameter, Di = 15.86 (mm) 
Outside diameter, Do = 15.85 (mm) 


This analysis uses the QUARTZ THERMOMETER readings 


Modified Petukhov-Popov coefficient - 1.0000 
Using no insert inside tube 
Tube Enhancement We er ren NUR TÜBE 
Tube material TITANIUM 
Pressure condit Ton VACUUM 
Nusselt theory is used for Ho 
dım ei en Peturnov-Poapoy ) = 1:2295 
Alpha (based on Nusselt (Tdel)) = 98.8281 
Enhancement (q) = О | 
Enhancement (Del-T) = De 
Data Vu Uo Ho Qp 
+ (m/s) Mn Wi Ki (Wem 2) 
1 2555 2:50 LE Erdin |. 005 
z “5735 4.20238703 ayas yam | MW 7/Et05 
A 277: 252775: 1550621501 i USSESU5 
B 50 4.410E-02 1025057023 1.21 66 
- ис 4 .088E+03 1.1479E+04 9.300E-04 
b 1521 Sb 45 102557 701 3774E 24 
z 0.37 2:21 02 1.645Е-04 5.340Е*24 
8 IERT e MS A Erg 
3 77: 3.074E+03 55651 5:7 6.040-+04 
10 tees 4.083E-023 1.475E+@4 39.302E+94 
b 550 4. 405E+03 ¡SEEDS 1.91 E05 
b 2574 geld. 1.4446+04 1.08141E+05 
15 Sols 4. 906E+03 WE EE 
l4 bb 5.058ET05 12909: 043 ER 


Least-Squares Line 


Slope = 
Intercept = 


Seslere 


Least-squares line for g = 


moros mecum: 
— ESI 


“delta ” 


UT 


a= 2.3428bE-*04 

bos çesvyye-di 
NOTS: 14 data points were stored im file FONMUNITL 
NOTE: 14 X-Y pairs were stored in data file 


129 


-] -J) сә 0 


-1 О) Б (Л P Ul O) 


OO (O ~j 
Ол — 


-t 


Ça r C9) G) F3 iD 7 di 
-JM f) O tD H- (O (G CO D 


UT re Ú. r Oj r= 
ES 


(D + C) c— ts 


b p 
OO w 


+ bh 
CO CO CO CO CO 


p 
KO CO (KO CO Ú 


l- fa 


Ы 


P p E 
00 CO (0 


Ian a 
ROLON 


~) -) O O) N C1 UD U5 O) -.) 
(J) © U) -J LIUN CO (D CU e i> 


— 


NOTE: Program name DRPOK 
Data tal en bv EERE 
This analysis done on file FONMAH2T3S 


This analysis includes end-fin effect 
Thermal conductivitv Ок О" m.K ) 


Inside diameter, Di = 15.856 (mm) 

Outside diameter, Do = 15.85 (mm) 

This analysis uses the QUARTZ THERMOMETER readings 
Modified Petuknov=Fepe 668 c rent = 1.0000 


Using HEATEX insert inside tube 

Tube Enhancement WEE LE SMUDTA TUBE 
Tube material TITANIUM 

Pressure condition eril 

Nusselt theory is used for Ho 


E 
Ci (based on Fetukhov-Paopov) 


Alpha (based on Nusselt Ge o ucu 
Enhancement (q) ml 
Enhancement (Del-T) = 1.048 
Data 
1 Ta m e ( Wë, d A 
l 3.50  5.719E«05  1.954E*04 ^ 3.8555-06 37.98’ 99.98 
p 3.18 5.593Е203 1.04764*04 3.876E+05 37.02 99.99 
3 2.72  5,.523bE-03  1.0728-04 3.857E+05 35.98 190.98 
A 22: 5.382£+03 1.08656E+04 3.767E+05 .70 100.03 
5 1.85 5.151E+93  1.087E+04 3.612E+05 .23 100.01 
5 1.41 4.8956+93 1.1216+04 23.428E-05 .58 100.00 
" 02.87 4.4998423 1.1866+04 3.130£+05 za 29.99 
8 1.41  4.887E-Q3  1.108E-04 3.429E+25 31 120.2: 
q 0.37 4.482£-03 1.183£-04 3.132£+05 5.49 99,95 
10 1.85 5.1338-03 1.08БЕ*д4 3.543E+25 33.80 100.02 
11 2.23 S.3626-93 1.08388404 3.8218-05 35.23 922 
ia 2.73 .1876-23  1.0848-04 3.919E+05 36.84 1900.28 
E 3.17 5.5828-02 1.049E-24 3.9222-05 39.22 92.30 
14 3.81 5.70856E+93 1.254Е-04 a.073E-üS 28.57 99,45 
Least-squares time fcr Ho or e 
Slope - -2.3692E-91 
Imtercept = 7775:275 > 
least-squares line or Q = a+jerrca 3 
а = 2.5733E+04 
Ы = 7.52092Е-01 


NOTE 14 data points were stored ee 


NOTE: 14 x-y airs мет ани o 
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— 


ie: Program name : DRPOK 
Data taken by E 
This analys:s done on file : FONMAN2T1 
This analysis includes end-fin effect 
ThenmeLconductmTv Uy See ey mK) 
Inside diameter, Di Jess (mm) 
Qutside diameter, Do = 15.85 (mm) 
This analysis uses the QUARTZ THERMOMETER readings 
edi veusre'ükmeov Popov -coefficient = 1.2200 
Mee TC Eat be 
Tube Enhancement : UIKE-URAPPED SMOOTH TUBE 
Tube material s TTAN ON 
Pressure condition : ATMOSPHERIC 
Nusselt theory 15 used for Ho 


Ci (based ən Petul hov-Popov ) = 1.0843 
Alpha (based on Nusselt (Tdel)) = 0.2014 
Enhancement (q) = 1.065 
Enhancement (Del-T) = 1,047 
Data Vw Uo Ho Gp Tes 
1 (m/s) (m ek) (50) (4772) oL) 
1 C297 3.104E+93 Lem RE LISAS 15.55 
2 127 5551775 1.217£:04 2.597E+@5 2166 
2 1555 EE oo 1.191E+04 2.87£E+05 271: 
4 5 4. 90603 Le, EE ER So 
5 си 4 e206 1.14 E 5. 0226 Sech 
5 271: 257157 1646 04 EE 29.52 
7 ə. di SE 05 145071 23.41756-05 5775: 
8 2077 NET ie Lach, 3.395E*05 755 c 
3 3.81 4.3 3IE+0S EE S EOS DOSES 
10 CN 45-00 1415 59063 23-16E 0268 5 
14 кә 482 US 1.155Е-02 3.047E+0S ар 
IS Is E e 1.1588-04 2.9135£E-08 5:- 
185 p 39. 59 1:1.2016-24 2.5922-25 ek EE 
14 05 2. 141822 lu E EI 75 
Rast==Quar=es Line Tor mo vs g curve 
Slope = = EE 00 
EE e DE 
least-squares lines for q = atdelta-T 5 
2087012 0 
se 7.359000E-21 


NOTE: 14 Jata points wera stored in fila FONMAN2T1 


NUTE LaS as Were stored in data *: 
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NOTE: Program name 


DRPOK 


Data taken by 
This analysis done on file 


This analysis 


Thermal conductivity 


Inside diameter, 
Qutside diameter, 


Modified Petukhov-Popov coefficient - 1.0000 
Using HEATEX insert inside tube 
Tube Enhancement WEKE WE EC S orm TUBE 
Tube material TETONTUM 
Pressure condition VACUUM 
Nusselt theory ıs used for Ho 
Ci (based on Petukhov-Popov) = 2.9049 
Alpha (based on Nusselt (Tdel)) = 0.7965 
Enhancement (q) - US 
Enhancement (Del-T) = 1125228 
Data Vw Uo Ho Cp 
1 (m/s) (U/m^2-K) Cum - RO (W/m^2) 
1 STT, 5375502 1.174E*04  1.456E-05 bas 
E 5019 562150 1550705014 e 1 Ve 
3 VE 50455 - 1.15 a e E iu 
4 ez 5.25 05 5055277 0 25 bz 
5 2500 5.26 15 121 3056524 1-21-8505 b 
6 156 4.34 EL | es 12295545 10. 
7 1.42 ap 1576 1220656071 a 5 
8 5775: 4.14БЕ*23 ta E oa TeS 
3 0-97 4 dmn 1.85546E+94 1.0256-05 
10 154: 4.8575 922 1:2205 I Ee 
MI 1.86 OUT ECCO 1220550566 1 005 10: 
te 20 GC. 2836-035 1.223E+04  1.321E-05 12. 
15 2.53 c o MENS 1.1772204 1.3412:05 IM 
Least-Squares Line for Ho vs Q curve: 
Slope m MESE 
Intercapt es EWS 
Least-squares lime for a €“ asdelta-i”b 
a 221707 = os 
Ы = 7.5900E-01 
NOTE: 15 data points wera бӧвл ис о Ы 
NOTE: 135 X-Y gairs ueralato" “80506 7 € 


Dı 
Do 
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JIR EERE 
FONMUH2T 1 


includes end-fin effect 


r (U Zm l) 


SEX mr) 


= 1585 MM) 
This analysis uses the QUARTZ THERMOMETER readings 


сә 
P 


Tof 
(C9 


qə 
ЈЈ 


-— — 


£ C LU 
nm Uw — 


Ja 


C4 CD C4 UJ Ul (D 
CO (O rd ~) Ó) Ers 


48. 
EF 
48. 
4c. 


48 


48 


43 


48 
48 
45 
48 


.69 
.55 
. 56 
48, 


Ts 
(C 
(3 


63 
30 


. 93 
43. 


Si 


-— — 


SE 
48. 


30 


T 


> 


NOTE: 


Ci (based on Petukhov-Popov) 1 
Alpha (based on Nusselt (Tdel)) = 0 
Enhancement (q) = | 
Enhancement (Del-T) = 1 
Data Uu Uo Ho 

t (m/s) (UM KK) Civ RO 

1 7: O 05 1.132E+04 

2 250 Gg 1.165E*04 

5 55 553028505 1155704 

4 TO Steger Ss 1.12 15024 

S 2591 əb. 1:15 4 

5 16 4544200 1.205E+04 

E Ma? 4.5E7022 I.213E70243 

8 255: 4150002 1.203E-04 

B 1230 д.58 = 05 1.285Е-24 

10 oom JT RE 1.52:-ET04 

11 21 5552506 1:14 

b > DA S.620EFE 105 | SESS 

15 20 O23 EROS | 1326-04 
Paas. o ouar ss Lime for Ho vs emeurve: 

Slope xox ux Yİ 

Intercept = 95-553hET05 
Least-squares line Tor q = a*tdeita-T" 

a= 2.1562Е204 

GE e El 
ROTES Gata polnts were stored in file FONMVH2T. 
eee X—-Y pares were stored in data 


Program name 


Data taken by 


This analysis done on file 
This analysis 


CRPOK 


İzn "conductıvı?y 
İnside dıameter, 

Outside diameter, 
This analysis uses the QUARTZ THERMOMETER readings 
fed wed retukhov-Péeacy coefficient = 


ua НЕВТЕХ 


Tube Enhancement 
Tube material 


Pressure condition 


insert 


Di 


Do 


O “RESEE 
FONMUHZT2 


includes end-fin effect 
2705: n.K) 
13.86 


( mm) 


Jem 


inside tube 


1.0000 


WiBS-URSSBEDU SMOOTH TUBE 
TITANTUM 


VACUUM 


Nusselt theory 13 used for Ho 
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. 9482 
1815 
(0555 


One 


Qp 
(U/m^2) 


454E TOS 
-45E t05 
"Ес̧ 
:348Е-05 
150005 05 
SEDES 
15-55 
EE 
EE 
402-205 
12155 76 
¿44 3E+05 
a 


mires 


15 


fa 


=) -4 0O) D —Y 0 zl Hi HI 


{> 
VO D CO 
uo) G) G) (О) 


^ a 


— $ + Gu 


(1) (О О r=- W e –) 


co ql 


NOTE: PredgEomonanme : ÜREOH 


Data taken by MOE CEFE 

This analysis done on file : FONMUH2TJS 
This analysis includes end-fin effect 
Thermal conductivity 21.0 (W/m.K) 


Inside diameter, Di = 13.86 (mm) 

Outside diameter, Do z 15.85 (MM) 

This analysis uses the QUARTZ THERMOMETER readings 
Modified Petukhov-Popov coefficient = 1.0000 
Using HEATEX insert ınsıde stubs 

Tube Enhancement |: WIRESWRSBPPESCSMEDIM TUBE 

Tube material : TITANIUM 


Pressure congitisemo: VACUUM 
Nusselt theory is used for Ho 


Ci (based on Petukhov-Popov) = 2.2400 
Alpha (based on Nusselt (Tdel)) = 0.7692 
Enhancement (q) = . 3999 
Enhancement (Del-T) = -999 
Data Vw Uo Ho Qp Tes 
t (m/s) ( U/m^2-K ) (WAm 2-9 Cue 2 ) COP 
I 2508 5.86° E 05 1.143670 1. 3836605 10 
2 Seeks 5.684602 1. 1208604 1.5535705 11.68 
2 2202 S.555E:+05 1 15566 700130 EE 11545 
4 2.20 S.954E-406 let, Tee — 06 11202 
S 1.55 5 oL 05 LEE, lee 10: 
6 je. 41 4. S2BE+DS 1,016004 1.124cE 05 3 45 
7 0597 4.405E«-03 1. 3006104  1.2:58E7025 71 
8 Tea 4. 3872-0. 1320269004 1.155865625 2 
3 0.37 4.58682-05 1262-3004 1,008 B 05 TRE 
10 1.86 lele S 1.157602 122235505 10.48 
11 2490 eG "IEF)S 1.186504 1975905 17 
1: 5 5.25: 22 e al e S EG 
IS 2517 So e 05 l1. 135364094 1: 558E MS EES 
14 565 5.30.E703 1.13595E+04 de 447 1:6 
Least-Squares Line for Ho vs q curve 
Slope = Eet 
Intercept 15H53 ES 
Least-squares line for q = a*dalta- T“ b 
a 2067501 
Ы = 7,5000E-01 
NOTE: 14 data points were stored in file FONMUHZTS 
NOTE: !4 X-Y pairs were stored in data file 
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48. 
48. 
48. 
48. 
48. 
48. 
48. 
48. 
43. 
43. 
48. 
a3. 
48. 
42. 


(Си 


NOTE: 


Ci 


Program name 


Data taken by 
This analysis done on file 
This analysis includes end-fin effect 


ihegmaleconductivity 


Inside diameter, 

Outside diameter, 
This analysis uses the QUARTZ 
Modified Petukhov-Popov coefficient 


Using no insert 


Tube Enhancement 
Tube material 

Pressure condition 
Nusselt theory is used for Ho 


DRPOK 


О: 
Оо 


(based on Petukhov-Popov) 


= 1 
= 1 


inside tube 
WIRE-WRAPPED 
TITANIUM 
VACUUM 


Alpha (based on Nusselt (Tce!l)) = 
Enhancement 
Enhancement (Del-T) 


Data 
1 


— 
CA OO o —1 ОЛ (fl P CI r3 e 


Cr pe 
1Ј — 


t— 
Ci 


— er 
Ul E, 


Uu 


(m/s?) 


д. 


O rr Kr) ГЈ (ЫЫ (4 (4 (Ы EA Ə f) — — 


37 
41 
155 
0 
. 74 
. 74 
56 
55 
m 
55: 
204 
..0 
255 
5: 
57 


ca? 


Uo 


nb) 


(A LJ OF GP P PAN Pp £ £ £ UI G PI 


5515 023 
Ede 
SE 
ee 
.548E+03 
sads tO 
EE 
. 0088402 
, (848-403 
SENOS 
DE 
¿SES DO 
0816 13 
545505 
«İÇTE 


HR HH $ a b kk— ə ə bs æ tt 


dee 
FONMUNZ 


DN 


Ul LİF 


g 
Q 
а ed 
TH 


Peast-s@uares Lin@.fer Ho vs q curve: 
Slope 
Intercept 


L 


st 


— 
a 
b 


NO 


и 
m 


NOTE: 


E 


EE 0S 


EE 
7.5000E-01 


-squares line for g = 


1S data points were stored in 


15 X-Y pairs were 


iL 


/m.k ) 


E (mm) 
5 (mm) 
EXMOMETER readıncs 


- 1.0000 


SMOOTH TUBE 


=” 9373 
1 
z au 
= coo 
Ho Qp 
(m s) (üm) 
5425722 77.06.65 024 
.J76ETU4 8.456E+04 
a ta 2 421504 
e yav 05 
ue Mimi de Ee g5 
el ge 022 
Me avı. ver 05 
25:25:57 :1:. 167 095 
.224E04 1.135c 65 
555-007 0 le 105 
.Q45ET04 1.078Ev05 
EE, kee 
EE 136 04 
YA 00) 2325 E 04 
25250) 6.4. 
atdelta-T"0 
fiie FONMUNZTI 
2 orac umidaronı:le 


135 


— 
о 


Cü ОЛ СӘ ОЗ «wore 4 
PTH oe Oe rc 


OUO yx OD €O CD CD €O -J COD -J COD Ul 4 


el Un m 
C ca 


C] 
+ 


Kİ” 
Ul O 


Le 


са 
t— 


) 
əl 


48. 
48. 
48. 
48. 
42. 
48. 
48. 
18.: 
49.: 
48. 
48. 
48. 
43. 
43. 
43. 


-—1 0) —) —) 05 0D (Ə 
G) €ə 03 f3 € O wo 


SEIS 


t 


NOTE: Program name : DRPOk 
Data taken by Se 
This analysis done on file : FONMUNST! 
This analysis includes end fin effect 
Thermal conductivity 21.0 CUm. KJ) 


Inside diameter, Di = 15.86 (mm) 

Outside diameter, Do = 15.85 (mm) 

This analysis uses the QUARTZ THERMOMETER readings 
Modified Fetukhov-Fopov koeficient - 1.2000 
Using no insert inside tube 

Tube Enhancement : WIRECURAPPED TOMOOTH TUBE 

Tube material TANTUM 


Pressure condit ient: VACUUM 
Nusselt theory ıs used for Ho 


Ci (based on Petukhov-Ponov) = GESİ 
Alpha (based on Nusselt (Tdel)) = 0.6559 
Enhancement (q) = ¿DEA 
Enhancement (Del-T) = . 702 
Data Vw Uo Ho Op 
t (m/s) (Wri ask) ( W/m^2-K) OU INEO 
1 3.84 4 .261E+03 9.S05E405 1:209£ 75 
2 SN 4.045E*035 9.624605 1051 E 095 
2 2: 3.884£-03 o E 4 
4 25750 3. BESE 75 A Eyi 
5 1.86 Nm Eom 1.048E-*«04 8.a15E-04 
E 2:57 c EET 1.170€+04  8.455E*04 
7 D 3002025 5 |l.OB 7:26 04 
8 0.37 wonded 1.238E+04 68.524£-24 
3 hk. 3.02:5 26 1.02770414 7. 7:5E 024 
10 1.36 5. e 05 g. BSES 8.670E 7043 
IW 251 Ы̇НИ 1252 1.0342*04 3.406E+04 
iz ə 3.89596 J3 Ge EE a 
12 gua 4.021E+05 o Şeri; 1.04205 705 
14 25— de) DE e Me 
Least-Squares Line fem Ho vs o игта: 
Slope mus BE 111 
Intercept = 5.30244Е-25 
Least-squares line for ag 2 a*delta-i”b 
a= 1.7702E+04 
b > 7?.S000E-0] 


NOTE: 14 data points were stored in file FONMUNST I 


NOTE: 14 X-Y pairs were stored in data file 
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ә 4s am 
Se 


224 
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9? Loa 


aoe 
.10 
20 
. 20 
2.8 


48. 
48. 
. 78 
.43 
48. 
48. 
KE 


48 
48 


48 
48 
48 


ars 


48 


48. 
48. 
49 


45 


Ts 
(C 
6 1 
36 


48 
49 


79 


ә J 


.24 


08 


WEE 


e 
= 
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NOTE: Program name : DRPOK 
Daton aren бу KE - 
This analysis done on file : FONMAHST! 
This analysis includes end-fin effect 


Тһегма1 conductivity = 21.0 (W/m.K2) 
Inside diameter, Di = 12.86 (mm? 
Outside diameter, Do = 15.85 (mm) 
Tmis analysis uses the QUAPTZ THERMOMETER readings 
Modified Pstuknov-Popov coefficient = 1.8000 
Using HEATEX insert inside tube 
Tube Enhancement WIRE ENA RED SMOOTH TUBE 
Tube material с ТАРИИ 
Fressure condition : ATMOSPHERIC 
Nusseli tmeory is used for Ho 
Ci (based on Petuk hov-Fopov? = ET 
Alpna (based on Nusselt ‘(Tdel)}) = 0.7239 
Ennancement (a) x sS 
Enhancement (Del-T) - 0: 
Data Vu Uo Hə Op He” 
t (m/s) (m h) (40) (U/m”2) Co») 
| ес 2172-7505 gos EIUS 5. 80E roS 40.86 a 
2 Ses S DES TE did 2.7! E-uS 42.18 120. 
с 2114 4.55606-02 Gr 02 2.6354Ј2Е-05 2251 "OD 
4 2.0 EE 3115 00) 2.5:E 05 27 ESCH 
5 1.85 4.61565E+93 Gas) SS Вә ин EN 
6 ies a ayr e E 8.355 05 P 5. 05 gap T00: 
7 U.S 3.2142-22 1045 ye Şe eye 289.08 MA. 
8 1.4] 4123 JETOS 852750: =. 200Е-05 22 s J, 
E QS 4 30 3E (0 1.02512Е204 2.924E+05 27 ә 
10 Др = 4.65619E+03 0050 3. q00ETO5 52:55 qo 
p 20 4. 20Ec682 42:45: 2.66 57: Ss 
s — e? eo EE.  5.bE se - иб > de SS 
Me EC Y 5.30954E+07 8250706 ABS 10.55 100. 
4 Es S.149E+02 8:2 - J.S TETS 1.55 100 


с 


(D 


[Las -5quares Line for Ho vs à curv 
slese ze IS EL 
Intercept: = 7.7974E105 


PSAs 0 010 ə fon O = at3e'ta-i b 
a= 2.344201ETU4 
b= 7.5000E-01 
Ne des olm “sla - ONME ASL! 


None i+ A-Y paliks uenxtoreesmunssdata fıle 
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ə es 
- (in ол — Qq) w 


- 


> em 


(uL 


^ -] tij «OQ cO œ 
rO r) 


-Aan 


ın 


NOTE: 


en 
Alpha 

Епһапс 
Enhanc 


Data 
4 


Pos @ 0 0 JO UI P Li Pr) — 


—— SD MAR 


NOE: 


NOTE: 


Program name 


Data taken by 


ORPOK 


This analysis done on file 
Tnis analysis includes end-fin effect 
Thermal conductivity 


Inside diameter, 
Outside diameter, 


Modified Petuknev-- oper cocetnicirem: = 
Using no insert 


Di 
Do 


U KEEFE 
FONMANST | 


el.0 (//m.k) 
7:65 


( mm? 


= 15.55 (mm) 
This analysis uses the QUARTZ THERMOMETER readings 


inside tube 


Tube Enhancement 
Tube material 
Pressure condition 
Nusselt theory 1s used for ho 


(based on Petukhov-Pepov) 


(based on Nusselt (Tdei)) = 

ement (q) = 

ement (Del-T) = 
Vu Llo Ho 
(m/s?) (u mi K) (W/m^2-K) 
ED 4 .380E+03 39.453F US 
206 &.25BETO- Gl ил 
Du 4 .0632+03 RECEN 
2550 220702 g.SISETÓS 
155 224150 OQ BEBE S 
ml S.de (GEHI 13255 024 
2: SB Esi ib EY 
pt 3. 02 (Ed 
Quy enoe ETOS 1.16 7E+04 
1.86 3 .530Et03 g. ISE TOS 
229 Jj. S00E05 Ee 
7: 4:00 716 JOE SE ис 
27 4. 250ETUS q.590E-*-U3 
2506 di, g3 22 5202522 

squares Line Speo d NEN US: 

e E E7DE2E=U 

rzept 299595605 

-scuares line for q = a*delta-T 
cd GT 

7 ENDE -U! 

İl gata points were stcreno in 


14 X-Y pairs were stored 
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VERE İRMPPED SOĞ 
TI UBNIBUM 
EM MERE 


in data file 


i . 0000 
TUBE 
2 
MES 
5. 
. 338 
Op 
GUAE) 

3575506 3 
j TETOS 3 
3.044E-05 ә 
2 ee 2 
EBE 005 2% 
2005565 əz 
2512555085 lr 
2 4X TET RK 
EE ee 
2.6852705 ҝур. 
SES cm 
= 053 US 27 
2-5 2 
E e ә, 
E 
file FONMANST: 


“— “Y 


~] MNM (n — — 
G 000 


ES 


Jer (0 — -) Ww 
FP. (D Ú) C9 C9 — CL: OO —l £ Ul 


LG — E 


(3 


— 


(0 (0 €D C9 wo C3 (D CO 


Ww OI ¿n CD cO C2 (0 (D 


(C) 


.ON 
.Б0 
224 
. SB 
. 05 
. UN 


——һхһх 
* 


` 
a w 


. dui 
100. 
Ki 
. 26 
. 90 
. ЗҸ 


20 


QF 


. | 


NOTE: Program name : DRPOK 
Data taken by ' WEErE 
This analysis done on file : FONMUH3T2 
This analysis includes end-fin effect 
hhezmal caonductıvıty 21505 .K) 


Inside diameter, D1 = 15.86 (mm) 

Outside diameter, Do = 15.85 (mm) 

This analysis uses the QUARTZ THERMOMETER readings 
Hodi: ied etukhovy Popov coefficient - 1.0000 
Using HEATEX insert inside tube 

Tube Enhancement “WE vr yi <ED SMUOJIH TUBE 

Tube material : TITANIUM 


Pressure ecomeition =: VACUUM 
Nusselt tneory is used for Hc 


Ci (based on Patukhov-Popov) = 1.8652 

Alpha ‘(based on Nusselt (Tdel)) = 0.6182 

Ennancement (q) = E 

Enhancement (Del-T) = 11: 

Data Vu Uo Ho Qp 

t (m/s) (0707) CU mS Kk) (W/m*2) 
1 0.97 2075000 1.046E+04 8.853E304 
z 57 ME e 9:4552Е"205 9.8052-24 
5 1.86 4.370E+053 2200005 1 JE ps 
4 720 AEREOS EE 
5 2574 A D SET. 9. IZ 3E+03  1.144E+05 
6 Sis des 1 74:46 02 865 .00: KEE 
Y EE 1255556023 0557205702 1227605 
8 20 A BOS EOS 65:50: 1.174E”05 
g 282 27577 3 825 00: | 1:4252 105 
10 274 41207. 502 GE ER 
11 272 445 £E 022 g.155E*03 1.093E+05 
KS 7:6 a Erd би Try 11. 0402-06 
Es 1.41 dE DS 2555707: 9.73 E+04 
14 255: 3.751E-02 1.036E404 8.7352404 


lastesqguaces Line?forn Felbvs q curve: 


Slope - -4.1572E-01 

Intercept =  $5.8540E-*05 
Least-squares İline for a » a*delta-T^b 

a = 1.7233E+04 

be 7.5000E-01 


S ни 


1751 data points were stored in file FONMUHST- 


NOTg: 14 X-Y pairs were stored in data file 
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11 


12 


Ae e 


.54 


Iz 


= 


eae 


— 
. 


5. 


. YE 


iz 


— 


b. 


.43 


7 


Lk. 
ask 


11 


10. 
.43 


Jer 
(C) 


.47 
Ka. 
5.0 


— 


o 


us 


14 


2. 
t3 


– 
=e 


07 


JJ SA 


~) tra a (2 


O) 


4 U) G) -J 
130 UI FJ 


NOTE: 


Program name : ÜRPÜK 

Data taken by nü” KEBEE 

This analysis done on file : FONMAH4T1 

This analysis includes end-fin effect 
Thermalwconductivity = 021709087 m.K ) 
Inside diameter, Di 13.30 (mM)? 

Outside diameter, Do oe co (mm) 

This analysis uses the QUARTZ THERMOMETER readings 
Modified Petukhov-Popov coefficient - 1.0000 
Using HEATEX insert inside tube 

Tube Enhancement : WIRE-WRAPPED SMOOTH TUBE 
Tube material > TD aN 

Pressure condition : AIMOSPHERIC 

Nusselt theory is used for Ho 


Ci (based on PetukhevsBensv? Ди ЕЈ 

Alpha (based on Nusselt (Tdel)) = 0.8528 

enhancement (q) = 1.144 

Enhancement (Del-T) = 1.106 

Data Vw Us Ho Qp len 
+ (m/s) Cm) C PCI (U/m 2) (es 
1 Ee G.824E*03 LE yda 4 50 E 5 2532 
2 27: 5:2 из 1027 07 E Erd 37255 
3 20 5 EEE 7: 1.1268bE*04 4.1282-05 Bin 0 
â 2.00 5.449E-053 1:1465 6) 208 £ 25 340899 
= I EE ] 19855054 E 25 
6 141 4:9 ETOS ISBN ESOS. SS SEL OS 30.41 
" De 4. 5296-05 SEM! Şe SEES 2.0: 
8 1.41 4 БИЛЕ 05 1212055 7 5 ЈЕР 05 pen 
g 0:97 4 SESS 1020007 5153235105 eS go 
19 5. ES dE LEE JE a 05 se. 19 
11 50 5,444E+053 1.144E+04 4.006E+05 2-01 
D 2574 SEE 1.136E+04 4.135E-05 55-02 
13 27: 50.45 6: Pri 47036 a 3725 
14 SE 5.5 1351525 Eat, 4.220E”05 204 


Laast-Squares Line for Ho vs q curve: 
Slope s ris cu 
Intercept = 7.7418Е405 


Least-squares line for q = atcelta-T*b 


a = 
о 


NOTE: 


NOTE: 


2 de LETOS 
1490005521 


14 data points were stored in file FONMAHAT! 


14 X-Y pairs were stored in data file 
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E. 
100. 
93: 
35 
100. 
100. 
335 
109 


— 
© (0 wm 
CA LD cB 


8 io it 
CD 10 (0 


- 


(C 


38 


LO 4) LD A LD 
D CDU) E О) 


NOTE: Program name : DRPOK 
Data taken by : Q"KEEFE 
This analysis done on file : FONMANATI 
This analysis includes end-fin effect 
Thermal conductivity = 21.0 (W/m.K) 
Inside diameter, Di SS (mm) 
Outside diameter, De = (nm) 
This analysis uses the QUARTZ THEPMOMETER readings 
Modrtied PetüuMeMhov-sPopowc oes cient - 1.0000 
Using no insert inside tube 
Tube Enhancement IAE SURAPRED SMOOTH TUBE 
Tube material : TITANIUM 
Pressure comdition : ATMOSPHERIC 
Nusselt theory is used for Ho 


Cre bpassgeonwPetukhov-Fogpov» = 1.3768 

alpha (based on Nusselt (Tdel)) = 0.7912 

Enhancement (q) = | (142 

Fnhancement (Del-T) = 1.05 

Data Vw Uo Ho Up Lo. İs 
i (m/s) (Ы ||) (Wm eet.) Cl me) EES Ge 
1 3 De GOV ES OS E A a um 2566 
2 — a 4. 935E 05 yese ma 5.658Er0$ 33.28 99.84 
5 7 4.7587E-03 gem ml 3.51205 25.0 27: 
4 5 2 4. 5e EOS LEE Eeer 0.52 0227 
с 155 4.214E+03 1.2055744 “SE 105E+06 Dp 775: 
5 1: 3.872202 10107 7 — 6366 05 55 G 5 
7 a Som E POS 1.212250:7 ..553ET05 1: 160.99 
3 51 3.2526 417 or 7 Ek 50 205 
3 25: 53.5182 05 |. 346792 7.573E*05 BCEE dud 
12 so 4.2 J 125 veges 5 P mE 20:26 Bu 
11 52 24:52:02 1.024504 3.54383E+05 30.81 JE 
b “ə 1.751E*08 LEE yi .5145E06 = pu ас 
Lə 25 1545502 | ge 12.53: ral 2 7 
LA E. S =. COMES E . “b” 45 2-6 с 

Lsas:-sqsgares Line Mor Ho vs n curve 
sne = -21.4793E-21 
mer >e( = 742505 Е- 42 

Least-squares line for q € asedelta-i”b 


а = 2.500282Е-44 
Ы = 7.50002Е-д21 


MO ve mo pis uera stgrag ın file FONMAMATI 


Mi a (| palrs were stored ın data file 
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— 


NOTE: Program name : DRPOK 
Data taken by | MEER 
This analysis done on file : FONMUH4TI 
This analysis includes end-fin effect 
Thermal conductivity 2154070) 


Inside diameter, Di = 135.86 (mm) 

Outside diameter, Do - 15.85 (mm) 

This analysis uses the QUARTZ THERMOMETER readings 
Modified Petukhov-Popov coefficient - 1.0000 
Using HEATEX insert inside tube 

Tube Enhancement su TA a oem TÜPE 

Tube material > TITANSUM 


Pressure condition Ul 
Nusselt theory is used for Ho 


Ci (based on Petukhcv-Popov) = 2.0810 
Alpha (based on Nusselt (Tdel)) = 20.8211 
Enhancement (q) = 1.095 
Enhancement (Del-T) = 1.071 
Data Vw Uo Ho Qp Ton Ts 
t (m/s) (Wim K) (W/m 2K ) (U/m^2) Com (О 
i 23453 5.60: 1.241E*04 1.4682-05 11223 48.70 
5 2518 5. 242ЈЕ- 1.229E+04 1.417E+05 IS 48.70 
Š 74 5.B55BE*95 I 5156707 138 585 11205 48.5 
4 2.30 5.424E+05 1.239E+D4 1.313E+05 USOS 43.70 
> 1.86 Gl o e erman / ESQ — 48.13 
5 1541 4:0 5405 berer 04 Ini S > 7 48.74 
7 207 4116 23 1.440E*04 1.038E+05 Tosi 48.67 
8 1571 4.884E*03 1.557224 |. ise 165 8.79 46.57 
3 0:57 4.4028-03 1.451E+04 1.044E+05 Ta O 48.70 
12 1.85 9142 = 15 1.4522604 1,2652 46 ас 2001 
İn 250 G 448E-05 1. 2346404 (eşe 025 10.58 45.63 
¡Re 257: S.6SSE+03 1.244E*04 1.377E+05 572: 42 
INS 5 S.795E+03 Lekt DIS 45:75 
14 5. 55165 22 İ.229E:04 1.441E405 1177 48.70 


Least-Squares Line for Ho vs q curve: 
Slope = —-ü—3.1730QE-91 
Intercept = 5285BSELUS 
Least-squares line for q » a*delta-T^b 
a= 2.28452-04 
Ы = 7,.5000E-01 
NOTE: 14 data points were stored in file Е0ММУН4Т1 


NOTE: 14 K=Y palrs Were stee-c o med m S 
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NOTE: Program name 


Data taken by 
This analysis done on file 
This analysis includes end-fin effect 
thermal conductivity 
Insıde diameter, 

Outside diameter, 
This analysis uses the QUARTZ THERMOMETER readings 
Modified Petukhov-Popov coefficient = 


Using no insert 


Tube Enhancement 
Tube material 


Pressure condition 


DRSEOR 


Ül 
Do 


x... 


ha | 


FONMUNATI 


2O W/m.K?) 
15.86 


( mm» 


=o Som mo 


inside tube 
WIFRESJRO FED SMOOTH TUBE 
TITANIUM 
UACUUM 


Nusselt theory is used for Ho 


Li 


Alpha (based on Nusselt 


Enhancement (q) 
Enhancement (Del-T) 
Data Vw Uo 
t (m/s) çW/m ek ) 
| 20: 5 ДЕЛЕ- 06 
Z 3.0 42226 
> Z./5 4 280E t9 5 
4 2.30 4 4996705 
= 1.86 4.130E+03 
5 A gere Erd5 
7 2: 3.185E*05 
8 127 ELE 
3 209: 308g DE D>O 
19 1:59 da Erd 
H 50 4,483E+05 
14 ə 4.737E-03 
ES c 4.953203 
LA 7: Boluse.2o 
ES Du mp 4.473£E405 
16 Oya? 2 767025 
17 E GE 


Least-Squares Line for Ho vs q curve: 
-2.8143E-01 


Slope = 
Intercept = 


Least-squares 
a = 
m 

NOTE: 


NOTE. 


İ1ne or q 
25:75:04 
7.5000E-01 


(based on Petukhov-Popov) 


(Tdel)) = 


r t= ka k | b — koc ҝ— — ee kA Eh — ka E te 


2734656705 


17 X-Y pairs were stored 
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Ho 


C9 — 


$ po 


(W/m Z-k) 
30 3E+04 
.310E+04 
Er 
456 Ed 
SEE OA 
.JBSErDA 
. 520Е*24 
EE 
SLAE FOA 
11524 
.450Е424 
.308E+04 
Age + Da 
-JOIE FOA 
reyi 
Se E 04 
+ 301E+04 


a*delta-T^ 


Jl tz ks ka ruv ~j LD 


fe 


. 


: 1554 


oD 
. 2. 


45 


. 007 
. 005 


Ор 
Cmm? ) 


. 307E*05 
.248E*05 
.1965E*05 


SEES 


12 05 
.1255E04 
də. zı. 
..OBE*04 
.270Et04 
202-605 
5: 505 
LS E05 
E EK 
EE 
7: : “5 
dEr 
315E+05 


17 data points were stored in file FONMUNATI 


in data fıle 


ka 


t= 


1.0000 


CO ОЛ СӘ C9 (D (D €O -J L1 O») ЛЛ ОЗ <a C5 QD CD (CD 


ei 


(C) 


Mg 
. 55 


— 


ow al 


. 41 


E 


7- 
:.. 
21 
5 


. de 


° 


eJ 


.47 


TE 


ә ЛА. 


ә x. 


E 
T59 


t = 


SUA 


—j - 
Ha 


Jo 


D -J ОЛ g) O) 
U) € ~) g) e OWU 


-I~ 
D 


~] ~j OF O3 -J 
0 


> Si LJ) 
DJ tfj 


J 
C3 


NOTE: Program name DRPOK 

Data taken by ÇE 
This analysis done on file FONMAHST 1 
This analysis includes eno-fin effect 


Therma lmeemcdue tiv) ty = 21, Oe m.K) 


Inside diameter, D1 zəl ə. obası nm ) 

Outside diameter, Do = 151 55 (mm) 

This analysis uses the QUARTZ THERMOMETER reacings 
Modıfled Fe TuEhev”Eogov eccer cn - 1.0002 


üzən MeEnlexeimsert insiden CDe 

Tube Enhancement WIRE-WRAPPED SMOOTH TUBE 
Tube material TITAN TUS 

Pressure condition AMOS SR TO 

Nusselt thecry is used for Ho 


Ci (based on PetWeWNov-Popov) = 2028507 

Alpha (based on Nusselt (Tdel)) = 0.8691 

Enhancement (q) se del. 

Enhancement (Del-T? = ET 

Data Uu Uo Ho Qp Tem 5 
t (m/s) (U/m ——K ) A EK) uam ? (0 (C 
Í 5.60 5.351251 03 1.155E*04 4.113E+05 25:85 33.58 
E 3.16 EE 1.1009904 42.15 25 34.45 190.09 
2 “ ME 570500 1.188Ew04 23.9177E:05 32.3: MODS 
4 2.23 D TEE 5 | Eee gn 5 es 31.35. Әз ии 
2 1-34 5.886 EE? 1.2 Oe 04 505 SEES 29.62 1070 
5 52 570m- 023 1.244Е204 3.367E>05 217227 99.39 
7 BECH 4420 00: |. 686E904 5.024Е-05 Ee 358.33 
B 1.40 gla Sg 1.-4B8E*04  Á3.275E-05 -..24 аз ди 
9 0.36 4 SPTE S5 1.99 GETUA 2.0555 025 22.98 MOTOS 
12 1.54 eom SEU) l.2MEE-01 2:00 (E 22 38.31 
b 2 26 5.571E-03 io erol 2927208 05 21520 25.8 
Je onde SG yese 25 1305504 2.80:8505 2:58 So. ou 
5 275 0420503 1.99 E43 > EE” 5 23 ES 55 CE 
14 2 C Man ESO 1. 174E=04 4.06Б42Е-05 21.22 o c 
= r D ae ис EE >. oa 1 
iz 2.55 5 3281 1.388056614 4.0652-945 25 2:38 

Lasast-Squeres Line verme vs 'a cur ve” 
Slope = LE 
Intercept =~ 062005. 

Least-squares lıne for q € asdelta-i”b 
a= J2.8492E-*04 
Ы = 7.5000E-91 

MOTE: uS dga:as points RE 

NOTE: 158 XeY paırc Wer® stored in devs ıle 
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NOTE: Program name 
Data taken by 


This analysis done on file 


This analysis inc 


Thermal conductivity = 


Inside diameter, 
Outside diameter, 


ORPOK 


Gee eee 
FONMANST 1 
end-fın effect 
zm. Kk.) 
15.86 (mm) 
SS mm) 


ludes 


D1 
Do = 


This analysis uses the QUARTZ THERMOMETER readings 


Modified Petukhov-Popov coefficient - 


ki iman 1n:-R2”1 
Tube Enhancement 
Tube material 
Pressure conditio 
Nusselt theory is 


Ci (based an PRetuknov-P 
Alpna (based on Nusselt 
Ennancement (q) 


Enhancement (Del-T) 
Data Uu Uo 
1 (m/s) (UZm SK) 
1 57: 4.955 22 
2 re 4.555505 
3 EB A, 229564035 
4 eae ab A 
5 1.40 3272058 03 
5 0-95 3 2425705 
7 1.40 Ee 
8 0.98 5.2 355Er0 
ә 575: A alalar 22 
10 2.0 4.425E:05 
11 BE db A 
IS 2051 O 0-02 
j = 2017 4,545e+ 05 
14 61 5.004E-03 
Least-squares Line for 
slope Тз 
İm.erceot = . 582 7E 
least-squares line for 
des) Ee 
b = 7.5000E-01 


14 data points we 


14 X-Y palrs were 


1.0000 
nsıde tube 
WIRE-WURAPRPED SMOOTH TUBE 
TITANIUM 
m << diller Merit 
used fer Ho 
cpov ) = 1.9938 
(Tdel))-= 7 38357 
= I. ME 
= (32022 
He Qp 
(Ыллик) Cun: 
1.40525504 3.562E795 m 
11200 52: MS 26 
Jee, Ee z4 
10501 2.B803E+05 oo 
L enee, 2.5598T705 iS 
1242522504 2:20 06 14 
17:25 71)  2.558E*05 19 
51577: —..Q 6E 06 5 
1425 2.66235etUS gö 
102905907 72 06 E-05 дан 
EE ER 
e EK cg 
e -. 5 co 
l.204E*04 3.95932E+05 29 
Ho vs a curve: 
-01 
*ü5 
3 = a*delta-T b 
bes recm le FONMANST] 
stored ın data file 
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ir r 
KE) 


295 
16 


= = 


ә хә) | 


SC 
74 
74 
^ s 


Ss 


A 
аһ 


7” 
7 
you 
ә 
.84 


y 
C9 LD CA 43 OD 


HH 
E 
O UD vU LD 13 бә LD C9 cD (Ú ~ 


— be 
C9 C9 LO 10 10 CD 


CA 


— 


y- 
© LU 
eu 


iS 43 LD 


O O NaN 40) СӘ 


- 


ZG Urs EA UI CH o 


(HUB ft 2 


f J 


NOTE: Program name : DRAON 
Data taken by DUREE = 
This analysis done on file FONMUHST 1 
This analysis includes end-fin effect 
Thermal conductivity eu mb) 


Inside diameter, Di — 13.85 tmu) 

Outside diameter, Do = 15.85 (mm) 

This analysis uses the QUARTZ THERMOMETER readings 
Modified Petukhov-Popov coefficient = 1.0000 


Using HEATEX insert inside tube 

Tube Enhancement UIRE-WsREPED SMOOTH TUBE 
Tube material TITANIUM 

Pressure recon tión VACUUM 

Nusselt theory is used for Ho 


48. 
48. 
48. 
48. 
48. 
48. 
48. 
43. 
48. 
49. 
18. 
48. 
48. 


d E 


“sy. 


46. 


<a) O) UJ —) Ü) — — 


-1 0) -)A4TD U) Ul) -0) U) —) ~) 
c (| (l r) CO G (Ul x 03 CƏ LJ rz tz ts CG 0) (3 U 


0) 


Ci (based on Petukhov-Popov) = UNS 

Alpha (based on Nusselt (Tdel)) = 2.8415 

Enhancement (q) = CIS 

Enhancement (Del-T) = PUO) 

Data Vw Uo Ho Op Ter 
t (m/s) (5) E 2=k >} (W/m*2) GOD 
1 2053 Ы.2:БЕ*05 1:201E04 1 2232405 EE. 
i 28 Sg SEE. 1205507 0 BE US 102 
3 271 Go iŞ 1. sone sg 1::20505 10.05 
4 550 5-50 1142255503 16 EE 25 555 
5 1555 5-50: 1.354Е*04 1.1852-025 8.76 
6 1241 4.328 103 EE n 
| omar 4412625 10075 01 9112 04 SEES 
8 15741 4201058702 1. selera4 1:.081E”68 Ta 
s 0.7 4.4072205 1.193E+D4 9.56515E+04 6.44 
10 1:35 5. 4214 05 1650 04 176 75 8.74 
pi 55: esim 125 1.2165:04 1.2100E0£ O 
LƏ 5 Ss ubi s ero 04 11308205 35 
15 3019 5S. EVE 25 (yp j1 125 ис tg 2 
r4 275 BE md) 1.544Е (204 1 59 0505 10.43 
15 7. S EE Se 
16 2552 5.05 E+03 1156275625 04 RE 5 1227 

Least-5quares Line for Ho vs @ curve: 
Slope x EZ 
Intercept = Eet 

Least-squares line for aq € asdelta-l”b 
а = 2:55716Е-04 
Ы = 7,5000E-91 


NOTE: 18 data points were stored imerıle ee 


NOTE: 15 X-Y pairs were stored in data file 
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NOTE: Program name : DRPOK 
Data taken by ww EEE 
This analysis done on file : FONMUNSTI 
This analysis includes end-fin effect 
Thermal conductivitv = 21.0 (W/m.K) 
Inside diameter, Di 13.85 (mm) 
Outside diameter, Do le comm? 


lI 


DEE DEE THERMOMETER SE 
Modifie FPetükhov-Fopov coefficient = 1.0000 


Using no insert inside tube 


Tube Enhancement lee sMOOlH TUBE 


Tube material : TITANIUM 
Pressure condition : VACUUM 
Nusselt theory is used for Ho 


Ci (based on Petukhov-Popov) = @.977S 

Alpha (based on Nusselt (Tdel)) = 0.5425 

Enhancement (q) = 1.056 

Enhancement (Del-T) = 1.07 

Data Vw Uo Ho Qp 
7 (m/s) Gm > (Um ) m) 
| 2565: 4.39395E+05 İ 3546704 1.1892E-05 
2 52776 4.834E+03 1.401E:04 1.122E“05 
ə 2594 4. BSSE+U3 1.4498E-04 1.05658E+05 
4 2250 does 1215705066 9.953E+04 
5 155 232055 203 1.484E-04 8.060E-04 
5 171 9.45 503 ya çe. 04. 
7 27 2.296E”23 ewe pile rd 
8 577: 2:5. 02 120 12104 7. 59Б52624 
2 25 Sgen 1000057 a 
10 55 4.0018402 50 5217 7 .00E 04 
11 p qo dE) 1.446E+Y4 9.877E+04 
1: 2772 4 pes 03 1.4zBE*04 1.053E-05 
15 Bug A 35505 Yİ Jus E 141 1.10421025 
LA 2. 5.060295 1.401E*04 1.15868E+05 
İz —2. 25.02 |.4552-44 2.797E+04 
15 0:97 3.024E-02 1776577 ABSE 0 


üs “oauares Line for Ho vs 09 curve: 
Slope AE E=01 
Intercept = 5.793E-05 
Least-squares line for q = atdelta-T"b 
= 2.55466+04 


a 
a 
9 7.5000E-01 


NOTE: 15 data points were stored in file FONMUNSTI 


^ 


NOTE: 15 X-Y pairs were stored in data file 
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-1 — 9) 70) GJ (A CI Ul O) O) o CO €? 


C1 CD CO 


lz” 
ÇE) 


m m 


¿03 
A 
— 
x 
Sek 
El 
55 


mp 


B 
. 19 
Ten 


— mm 


о 22) ( 


. 33 


gi” 


ә im w 


= 
ai 


>. í w 


~ 
, 


43. 
48. 
45. 
48. 
48. 
48. 
48. 
25: 


Ci) y oF ci O) 


UT) Ur: —) 0) -) U) 


Sy 


—) -J rJ (| p3 r J 


(0 in. r Ui c» C. 


NOTE: Program name : DRPOK 
Data taken by : QuAEEFE 
This analysis done on file : FONMAHET2 
This analysis includes end-fin effect 


Thermal conductivity = 21.0 (U/m.k) 
Inside diameter, Di = 13.86 (mm) 
Outside diameter, Do -wI5.85 (mm) 


This analysis uses the QUARTZ THERMOMETER readings 
Modified PetukhovePopowmecoef ficient - 1.0000 


Using HEATEX insert inside tute 
Tube Enhancement 
Tube material > EE ei 
Pressure conditlon : ATMOSPHERIC 
Nusselt theory is used for Hc 


Ci (based on Petukhov-Popov) = 263935 
Alpha (based on Nusselt (Tdel)) = 3.9933 
Enhancement (q) 011 
Enhancement 4 1861-Т ) = uc 
Data Uw ди но ар 
t (m/s) ( Wm 2 59 (W/m eek > Cul) 
] 1.85 5.566Е=03 i 385E mi 1. yese 75 
2 1277 5 das. DB > 1740006004 2.941EP05 
5 0107 deeg 1.517E+04 5.455Е*05 
4 1721 56.37.50 idea 5,544Е25 
- 055: 4 .842£+03 |.52806604 3.475605 
6 1.85 Dp 05 1.397E*204 4.132E:05 
E 2:57 5.888 Io 1352124500 ENEE 
8 25: 6 AMERO l5 cT doc 
g 27 E 1.345Е=24 4.5842-05 
10 507 Ы ЗД 3 1.352 04 4.БЕ 05 
It 5.15 B ZE 02 1.347Е-24  4.585E*05 
|: 55 2 3928802 e A 
IN E 5 EYE 5 1.353500 4, 460E TOS 
al Azə “52-07 l.9mg Ew 4.3020288768 
Least fquares Line Ho ws > 
Slope mo SCENE M 
Intercept eebe 
Least-squares line tor qwe atdelto- Б 
a = 5551551 
bas 7,.5000E cu 


NOTE: 14 data points were stored in file FONMAHBT- 


NOTE: X-Y parrs were sicred inma ati 
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WIRE-WRAPFED SMOOTH TUBE 


wl GY W CA Cl Cl Ci Ul fu fu fa F3 P3 ЕЈ 
tr EI UI PU P Ј — ¿D t) Cp r2 O? cD 


. 40 
ә 
276 
.94 
.55 
oe 
47 
“e 
. 28 
. 10 
.03 
01 
. SÖ 
. 49 


QQ 


< w ° 


s. 
100. 
ge 
100. 
100. 
Sm. 
EP 


a 


S 
100. 
100. 
190. 
102. 
100, 


= 


«D ЫЈ бә СӘ СӘ О won —l 
-.1 NA ОЛ ¿Dn cO CO cD (Jl G 6 


NOTE: Program name 


Data taken by 


This analysis done on file 


This analysis 


Inside diameter, 
Outside diameter, 


This analys:s uses 
-RODOV 06 SECTERt = 


+ 
Ten Ke 


Modified Petukhov 
Using HERI X 
Tube Enhancement 
Tube material 


Pressure condition 


Nusselt theory is 


ÜRPÜK 


DAME ETE 
FONMAHB 1 3 


includes end-fin effect 
Ihermnal conductivity = 


272:107m.K) 
(i 2 15.85 (mm?) 
Dc E ceca m) 
temele MOVETER reasdıngs 


1.0000 
ınsıde tube 

We mir COs TUBE 
TI ONTON 

ATMO ER LO 

used for Ho 


Lı (based on Petulhncv-Popov? - “10:26 

loha (based on Nusselt (Tdel)) = 1.0951 
Ennancement (9) = ¿ES 
Enhancement (Del-T>? m UN a 
Data Vw Uo Ho Qp Ter 

+ (m/s) ün) (ün) UU WE (C) 

1 55 5025522 1.350ET04 4.721E+05 p 

= 20 5550505 1 858E>04 4.601E+08 259 

3 2 CMI 0608 1.35383E+04 4.500E705 s. 5 

4 2 52:55 02 eye mi. av ds 06 әр 

= 1.55 5.Y04£-03 Динк yl EŞ 24. 06 

5 100 Ge ters 1.44586:04 3.8957£-05 20303 

7 DT e 1.5S7E=-@4 3.481E+95 Ə 

8 1.0: Sl ve, 1.45535E+94  :.z71E-2E 2527 

E 50 55 ED 5 1.397E-24  4.348E-25 517: 

10 556 A MESS 1. 5556+04 4.511Е*05 se 
Cesstse+euares Line tor Ho vs q curve: 

Slope = ~2,1554E-~21 

İZ Sos = 7777 66 

Hem. “sala est e for J = a*del:a-T Ы 

sz 2011604 

mB- re 00-01 
110.) = ee om eevere e or-avın T:22”OMMEƏBET- 
NOTE: 10 Y pal: were stored in data file 
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100. 


CO 

CO 
O wo - -t 
—- CD Ul C3 Ww 


100. 


—— 


NOTE: Program name : ÜRPÜK 
Data taken by TO KEEFE 
This analysis done on file : FONMANSTI 
This analysis includes end-fin effact 
Thermal conductivity = ¿1.0 (W/m.K) 
Inside diameter, Di 13.86 (mm) 
Outside diameter, Do = 15.85 (mm) 
This analysis uses the QUARTZ THERMOMETER readings 
Modified Petukhov-Popov coefficient - 1.0000 
Using no inserti inside tube 
Tube Enhancement : WIRE-URAPPED SMOOTH TUBE 
Tube material < TL LTANTOM 
Pressure condition : ATMOSPHERIC 
Nusselt theory 15 used for Ho 


Ci (based om Fetukheyv—- pose») 1.1204 
Aloha (based on Nusselt (Tdel)) = 1.0190 
Enhancement (q) = 1.485 
Enhancement (Del-T) =s] 

Data Uu Uc Ho Gp Tef 
t (m/s) (илик) (UME =R) (W/m^2) GE” 
| Ss b Sl BE 5 ¡ARE 01. JPA" OS 25 5 
2 257 55-00 1520050014 10027 05 SERES iy 
2 2575 5.044E+93 1.531E+04 23.843E-08 бә 
4 2 452202 1022501 2 4130006265 c INE 

E 1555 4.410E+03 1550501 3. .EE”25 1932527 
5 IT] 2402057022 Leet, EE 17225 
7 037 la S 1.8626604 2.41982Е-05 12501 
8 575: 5255-- > 156557 o e | NICE 
S 057 55025 003 100604 ved NE YS l we 
19 Фи 4.404E-02 ¡USED Seas Os 1582 
ii 5 SEDE E 1 5SB3E+04 27-02 201 
Ja S 5056c +03 1.548E+04 3.56569E+05 moi 
lee 5507 5550502 1.523E-04  Á 3.82SE*05 —7- 
1 255: c e) sergi Ee -3 
| вав1-5онагаз Line 13550 sed mS 
Slope =e ə — 
Intercept =  7252599E-*05 
Lesst=squares line tor “y = a tela" b 
а = 3.42058ETU4 
Ы = 7.5000E-01 


NOTE: 14 data points were stored im file FONMANETI 


NOTE: 14 X-Y*"pairs Were stereo in “cata Fave 


150 


(D C9 D tO CD CO 


cO СӘ 402 xD cO cD 


ho 
O Ca 
(O © © 


(D tO tD 
tO «D CD (D cD 


Lü AD 


NOTE: 


Program name 


DR 


Data taken by 
This analysis done on file 


This analysis 


POK 


Thermal Conductivity 
Inside diameter, 
Outside diameter, 
This analysis uses the QUARTZ THERMOMETER readings 
ee dö etükhov-Fonov coeffıclent = 


e lerek Insert 


Tube Enhancement 
Tube material 
Pressure condition 


Nusselt theory 


Di 
Do 


D 
FONMVHET1 


includes end-fin effect 
21.0 (W/m.K) 
13.86 


(mm) 


= 15.85 (mm) 


EE 

77552 20 0 OCTH TUBE 
TLİ 
VACUUM 
15 used for Ho 


— rr GT) 


Ci (based on Petulhov-Popov) = 
Alpha (based on Nusselt (Tdel)) = 
Enhancement (q) = 
Enhancement (Del-T) - 
Data Vu Uo Ho 
# (m/s Cu m mk) SU m 2-6) 
1 3.53 56:52:56 1.468E+04 
2 2.14 6. 5242795 ise 24 
2 2:14 BYE 05 1.4632-04 
4 —0 S.S51E+05 1,5146+04 
5 ib Sb 5 022 isil gl 
6 055: ә 025 1077574 
7 155: Ud OS İSE 74 
8 550 5 050E“93 i ŞE 724 
8 Ss 62. 03 e a 
iğ 1.41 E sus ии 1 


least-Squares 


Slope 


Intercept 


LSast>3 
.. 
h = 
NOTE: 1 
NÜTE: 1 


Q 


data points i 


Line 


ce 


—_ 


X-Y paırs were 


+05 


her lo vs meyve: 
“ --021 


alo 
.94 


-— ə 
a a 
ә we əf 


DA 


. — - 


— OOO OOO 
. >». 


LI 


fe 


stored in data 
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0 
S 
Q 


Qp 
(Wem 2) 


SEOS 
-530E tS 
48 5E+05 
-430E +05 
EE 
Ee 
Set 
.4329E* 05 


File 


FONMVHSTI 


1.0000 


10. 
19. 
17 


SIO w CO UD) CO 


Ler 
Ce 


pp PRP EE qa q 
CO 0 CU CO KO CO (Ə) OO X9 СӘ 


ME Ë 


(П OI OI UI UI -3 Y 


adan a A 


0 -) Ep -J ОЛ Ul ај) (Ы Ul C) (3 uo 


NOTE: Program name 


Data taken by 


This analysis done on file 


DRPOK 


Ü 1 
FONMUHBTZ 


das AS 


This analysis includes end-fin effect 
Thermal conductivity 
Inside diameter, 

Outside diameter, 
This analysis uses the QUARTZ THERMOMETER readings 


Modified Fetukhey-“opov see; ticiens - 1.0000 
Using HEATEX insert inside tube 
Tube Enhancement beer) TUBE 
Tube material TITANIUM 
Pressure condition VACUUM 
Nusselt thecry is used for Ho 
Ci (based om Pet ukhov-ropo,y> = 2.2144 
Alpha (based on Nusselt (Tdel)) = 0.9450 
Enhancement (q) = 1,326 
Enhancement (Dei-T) Sek 9 
Data Yu Ue Ho Qp 
t (m/s) (W/m 2=K ) (1507) Gi mu e) 
1 3255 6.31 GEROS 1.438E*04 1.810E-05 11 
2 313 6. 517 05 1,439E+04 1.S579Er05 0% 
3 2 b. GE 45 1.355 Qi 1-5 EE 25 12 
4 co OVES 158710 - 
Š 1.35 5.615605 1.488E*04 1.380E-05 s 
6 17 DO. SE 1225568400 1.66 8 
Ҹу 0.97 4.15 0: 1-685264 1.125705 5 
8 1 D. dL 120657 10:05 8 
g 2507 4.715565 0 i.e ga 11 se 26 5 
10 1756 5..5::26508 1. 4S9 Et04 1.992905 E 
n әср O. ESIS [2474604 12145058595 E 
İz 2 B.1İu4.E 23 1:2.1E:01 (1.99 95 5 10 
Es So 5.07 ws 1.14 7E+Y4 1.5 088555 10 
14 27 o.162E5:027 IE IMEI US Ie 


LUeast-squares Line fazake vs q cü” 
= 3 3 OE İİ 


Slope = 
Intercept = 


Ul 


Do 


ə ə 


Least-squares line for q = 


a = 
ba, 


NOTE: 


NOTE: 


~ Seen ered 
о Ce 01 
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= 21.0 (W/m.K 


a*delta-T^ 


14 data points were stored in 


L5. 
= 15: 


86 (mm) 
85 (mm) 


14 X-Y pairs were stored in data file 


) 


LI 


ler Elek 


mər 
. 1 


Tel 
COD 


wl 


1 


+ 


od 


D 
a 


Ns 
. 4 
Im 


ESB! 


s ə í 


m. 


o da 


235 
.42 
. 86 


14 


48.7 
48. 
48. 
48. 


= 


48. 
48. 
48. 
48. 
15 
48. 
46. 
48. 
48. 
48. 


-— €) U) U) Ul -) (1 N CD Ul 
О1 O) t!) Oi O) tfl & Ul Co 


- J Þ— 


0 


NOTE: Program name : DRPOK 
Data taken by 255 ELE 
This analysis done on file : FONMUNET 1 
This analys:s includes end-fin effect 
Tuz nmulacanductivity 7C£7c7 70:41.) 
Inside diameter, D: 15-85 (mm) 
Qutside diameter, Do e EUM > 
This analysis uses the QUARTZ THERMOMETER readings 
HogrrtredsPebwghov-Popov coetf?icient = 1.0000 
Using no insert inside tube 
Tube Enhancement we b SKROOTH TUBE 
Tube material TD DNI 
Pressúuseñoemortion : VACUUM 
Nusseit theory is used for Ho 


Ci (based on Petukhov-Popov) 1:22 1 
Alpha (based on Nusselt (idel)) = 1.9151 
Enhancement (q) = ер 
Enhancement (Dei-T) s» 1255 
Data Uu Uo Ho Qp Tet 
# (m/s) CUm =K) (UL 2—K ) (W/m) (C) 
1 — ETE 23 1.674E+@4 1.360E+05 6.12 
D 1 9 S wavelet O 3 ek 1 .Sese705 7: 
5 255 5 dese 3 YE rt ee .. 
2 27520 4302165022 İ 465 24 1.155Е-25 E 5 
= 1556 452500 1.:700- "24 1.05Ј6-05 c 33 
6 i 2ual 5-02 1.838E+04 39.333E+04 SUB 
E 2 SLOE tS -. “404 7 7702-04 3.64 
8 15 330502 1.834E+04 3.400E-04 PS 
О We Sua IET). E E 7.757&8*04 2.82 
10 dəə quu. 1252 1.0v70ETUS5 Em 
11 Си: 4.53:85602 İ. 400501 1.1532-25 5.50 
e 2275 5:02 02 1.784E£-24  À 1.255E-05 meyi 
15 270 5255-5722 e 1.:105 66 7:52 
14 2:52 SES ()- 1.67 7E*04 1.370E+05 77: 
Peastssquares Line ster Ho vs q curve: 
Slope = 050720£-01 
Tmitwercept = «6. /9s5öErüS 
least-squares line for qn - a*delta-!"b 
a= Q2.8415E-*04 
mz 07:00 111 


NOTE: 14 data points were stored in file FONMUNGT1 


NOTE: 14 X-Y pairs were stored in data file 
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48. 
48. 
43. 


13 


48. 
48. 
43. 
43. 
43. 
Ag. 
48. 
48. 
48. 
48. 


TA (OD C9 L4 0 (3040 


-1 0 — — (1 Go Gi) GF 7 — 
C 


G) QUI Ul ОЛ) --Ј ОЛ 
tm LU N p. -J G? (1 O 


NOTE: Program name : DRPOK 
Data taken by ке 
This analysis done on file : FONMAH7T1 
This analysis includes end-fin effect 
Thermal conductivity = НА) yel m.k ) 
Inside diameter, D1 13.86 (mm) 
Outside diameter, Do = 15.85 (mm) 
[his analysis uses the QUARTZ THERMCMETER readings 
Modified Petuknov-Popov coefficient - 1.9000 
Using HEATEX insert inside tube 
Tube Enhancement » MERE NER SMOOTH TUBE 
Tube material = TITANTON 
Pressure condition : ATMOSPHERIC 
Nusselt theory is used for Ho 


Cı (based on Petukhov-Popov) xan. 
Alpha (based en Nüsse? 7 del —ç e > 
Enhancement (q) 2o 1S 
Enhancement (Del-T) = 1..00 
Data Uw Uo Ho Qp с 
2 (m/s) zmn ME) (U/m^2) (cn 
i Ee 6 059525 1.2238-04 4.375€+25 E 
S с 5.97/96 05 LE 402626205 24.06 
5 2575 Ecc ma 5 eşe yı ve с de El 
4 Cog Ssmo uS 12505 01 EE Sl 
5 1:24 EE 1.2715924 os LCE: 
6 1.4@ дк ии Ee 24 5.2 Ee 9S5 ¿6 E 
7 0157 4 БЕӘЗЕ 25 1.428E*04 3.2Ed4ETOE ve ee 
8 151 50521 4 e gi e ии SA 
9 Ди 4.504E*02 1571506: --.5- 2550 
10 1241 5.245803 173262704 S. GEDE 025 EEN 
Bet ES S455¢E+035 Leet ee 30 mm 
1 250 9.5616Е-03 154007 04 1170075 75 3. ES 
15 md 5.2 E03 EEN 24 4525703 5.7 
r m. EE 1.253E+-Y4 4,393E£-95 ss 
Ve Jue 3:05 E. 1232-04 13552705 2: 
İB 2519 E +O 1.252Е224 EE 23 UN 
11 235 Brad DE 22 Ege e vE Soala 
b See, Ee 1.2718-04 A. ee E 
15 50 c. 520P M5 enee Eeer Zi 
20 Ын ә 505 06 I1.286E“24...3285285 O. 
Least-5quares Line for Ho vs q curve: 
Slope >. oley 
İntercent 4-7 bese 4 
least-scuares line for ag = a*delta-i Ss 
a= 5.02:12-01 
b = 7.5000E-0! 


NOTE: 20 data points were stored mn RENE 


NOTE: 29 X-Y paıra were =o red in datami =: 
> B 154 : 


P (€) Ui 


O cD) — tD ¿(D lí 
> 


C39 (DU LO co CD 
(О СӘ СЛ tl —) (Tn € cn r= 


D Co Cy Cy 
] C» m 


mar (ey Te 


to Cy 


CY (0 D 
(ә (О о C 
1) ЫЈ) -Ј «D (Tn UD -. 


b- 
C2 ul 


NOME: 


Program name 
Data taken by 


DRAGS T 


This analysis done on file 


This analysis 
Thermal conductivity 
Inside diameter, D1 

Outside diameter, Do 


zm 


E 


(DECRE 
FONMAN7T 1 


includes end-fin effect 


ANA. E) 
2.35 (mm) 
5775100) 


Thıs analysıs uses the QUARTZ THERMOMETER readings 


Meertred retukhov-ropov coeliıclent = 
inside tube 
WIRE-WRAPPED SMOOTH TUBE 
TITANIUM 
ATMOSPHERIC 


Using no insert 
Tube Enhancement 
Tube material 

Pressure condition 


Nusselt theory 15 used for Ho 


1.0000 


Ci (based on Petukhov-Fopov) = 1.1913 

Alpha ‘based on Nusselt (Tdel)) = 0.3650 

Enhancement (q) = 17105“ 

Enhancement (Del-T) = sd 

Data Vu Uo Ho Qp İT 
4 (m/s) (um) Clm EK) (W/m ) Coo 
1 2522 STROE 03 1.232E+04  5.890E*05 “1525 
2 77 EE LEE, tee S 
2 27: 4.764E+03 1.240E*04 23.5832E-05 29.48 
4 50 4.500E+03 1.242E+04 23.338E-05 Ponce 
5 1.35 Ieee oS 1.258E*04 2.100E-05 250 
B ım 5:7952-05 әнә еда 1082 -05 21551 
7 Or 34205 02 I.507E:04 12.442E-05 BENE] 
8 lE 3 SBE e RE 21575 
E o 37 3.308E+03 1.488E:04 3 2.429E*05 MEMES 
19 1.36 4  VSSE TOS |. BESA 5.]|t5ETU5 2757: 
11 2.30 AMOS 125 Ee 5:5: 
Es 255 4.7542-02 1555 5. 620E T5 E 
13 2218 4. 9536+703 Fee DEE E 50777 
E! MON 5.1512Е-02 | EDS s gs sec gung 


Least-Squares Line for Ho vs à curve: 


ctos NN: T 


aia. fils 


Slope lee ии 

interceot = 7.5742£-0S 
L=ast-squares line for q » a*delta-T^b5 

a= 2.8701E+04 

Ы = 7.5000E-21 
NOTE: 14 data points were stored ın 
NO@@meaeit Х-Т palrs were stored ín d 
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33% 
Sg 
190. 
100. 
de 
190. 
qa 
. 9B 


100 


Set. 
7 
100. 
Sch 
102. 
102. 


Ts 
(E 
SB 
g 
25 
03 
98 
03 
s 


m 
EN 

– 
Q” 
21 
CO 
M 
[S 
v) weg 


B 


— ~ 


MOIE: 


Program name : DRƏŞT 

Data takan by 5:6 EEE 

This analysis done on file : FONMUHT7TZ 
This analysis includes end-fin effect 
Thermal conductivity O mk ) 


Inside diameter, Di = 1535.86 (mm) 

Outside diameter, Do -356 —. 2 

This analysıs uses the QUARTZ THERMOMETER readings 
Modified Petukhov-Popov coefficient = 1.0000 
Using HEATEX insert inside tube 

Tube Enhancement > WIRE Venere smOOlH TUBE 

Tube material . runun. 


Pressure condition : VACUUM 
Nusselt theory is used for Ho 


Ci (based 22 0) 770 Popov) EE > 

Alpha (based on Nusselt (Tdel)) = 0.8552 

Enhancement (q) = 1.155 

Enhancement (Del-T) = 1.115 

Data MIN Uo Ho Qp Te 
# (m/s) C And) (Ы̇лмә CUZ mi ) ©) 
| 2550 52:55: E) 1.555E+@4 1.202E-05 gom 
2 m 62 4267 1.38939E+04 1.2192--25 8:77 
3 hı. 41:055E”02 1.40564-04 1.1321E-05 8.05 
4 27 4.549E*05 1.5266+04 1.006E£+05 - 
5 Lk do EL 1.387E+04 1.135E+05 SS 
5 yazı 2171506 1.412E424 1.136E+25 8.05 
7 EE S.LI E +03 1.365E+04 1.223E-05 2.07 
8 2.20 5.51562=05 1.545Е-04 |. 505Е-=25 27 
g 257: dag 17 57: 0 -.- hu 
10 27 5 0 EE tdi 1.3508E-04 1.498E+25 10.76 
H 5 65 b. UBE 25 1.G20E+04 1.441E-05 10992 
s 2.18 56725 20 1.301E+04 1.4052+05 109S 
FS 2527 570-150 1.322E:04 1.53552-05 12.25 
| es SU 5.3441E+03 SO ES Ee 


Least~Squares Line for Ho vs q curve: 
Slope SOS ESO 
Intercept = 5.83651E+05 


Least-squares line for q = atdelta-T'b 


a 
b 


NETE 


NOTE: 


EYE VE 
7.5000E-01 


14 data points uere stored ım tile FUN Aa 


14 X-Y pairs were stored in data file 
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48. 
48. 
48. 
48. 
4g. 
48, 
45. 
43. 
48. 
46. 


~ 


qer 
4g. 
48. 


NOTE 


Program name : DRAIGT 

Data taken by —w EE 

This analysis done on file : FONMUNT7T! 

This analysis includes end-fin effect 

Thermal conductivity Ee Or Guy im. KD 
Inside diameter, Di = 12.88 (mm) 

Outside diameter, Do SO mm 

This analysis uses the QUARTZ THERMOMETER readings 
Modified Petukhov-Popov coefficient = 1.0000 
Using no insert inside tube 

Tube Enhancement 2 WIRE- URAFFED SMOOTH TUBE 
Tube material s TI POS Di 

Pressure condition : VACUUM 

Nusselt theory ıs used for Ho 


Ci (based on Petukhov-Pogov) = 0.8775 

Alpha (based on Nusselt (Tdel)) = 0.8700 

Enhancement (q) = 1.081! 

Enhancement (Del-T) = 1.069 

Data Vu Uo Ho Up Tot 5 
3 (m/s) Viena) (Wem 2- > (U/m”2) CCS) 5 

| 5 55 56 ÖĞE 05 1.456Et04 1.240E-05 8.54 175 

i 20 4 8 EU 1.413E+04 1.120E+05 0255 48.74 
3 27- 4.85882502 1.490E*04 1.125E+05 ə 48.81 
4 2:20 4.311E+05 1.480E-04 İZLE US nx :7: 
B 15 2.22:E02 12 707 1256504 8.48 1061 
O lea 2.557E+0š Leet, 32.22(Е-04 5 5. 45:78 
7 055 2757570 1.783E+@4 7.072E5-04 5: 42.55 
8 1.41 2.55 03 1:5 “EP0: 2 :553E-“04 с 48.88 
E 0.97 2 T T GE li 7.082E-*04 qr с, 
12 5 SE di 1.505bE*04 3.6392-24 6.41 48.58 
B 220 Zo SEE): 1.48980E+04 1.051E-05 7.10 46.67 
12 —7: A bee tO EE eg EE 72 с 
b Sas WE ии 1.4108E:04 1.180E-05 5.37 48.85 
14 2:6 E Er EE 05 8.54 155: 


east -ooueres Line for Ho vs O Curve: 
Slope = -2.4125č-0i 
IntencsmE- 5. 7955E705 


NOTE: 


NOTE: 


squares line for q = atdeita-i“b 
2.45097E+04 
1.5000E-01 


14 data points uere stored in file FONMUNTT! 


t4 X- Y pairs Were stored in data file 


log 


NOTE: Program name : ORR EH 
Data taken by : O*KEEFE 
This analysis done on file : РОММАНТ2 
This analysis includes end-fin effect 
Thermal conductivity “ 21.0 (U/m.k) 
Inside diameter, Di = 15.47 (mm) 
Outside diameter, Do = 15.85 (mm) 
This analysis uses the QUARTZ THERMOMETER readings 
Modified Petukhov-Popov coefficient = 1.0000 
Using HEATEX insert inside cube 
Tube Enhancement : LPD KORODENSE TUBE 
Tube material . TT po nun 
Prassure condition : ATMOSPHERIC 
Nusselt theory 15 used for Ho 


Ci (based on Paetukhov-Popov) 2 9032 

Alpha (based on Nusselt (Tdel)) = 0.9029 

Ennancement (q) = m 5 

Enhancement (DÜel-1T) s XS 

Data Uu Uo Ho Qp Tet 

t (m/s) (m K) (Mk) (W/m*2) (Up 
| ba T T EEEU Le ee, EE 25.38 OR 
£ Lae S 25 151501 12770 US -9.04 Wei: 
5 MESE 5 ss 1.2552204 3.909E+05 51.04 oe 
4 5: 5 Seas 154177 4 e 3276 99% 
5 25 50556 IEEE 46.54 E 
6 E 205522 1.2138:04 4.175E+9E 24145 qo 
7 25 529085505 1.204E+04 4.2222425 3950 Soe 
8 515 21-05 1.22626104 111296705 2420 ag: 
g Saga 529255905 l- DEEA 4 2 03Er0S 34.83 ms 
10 2- oss) 1.226E+04 41.053E-05 32.55 SCH 
11 25 5355-0002 55507: : 55 2.08 ge 
We һәб 52.42 615 10 ид 21-00 30.396 SÓN 
E 1.49 S. lm 1524 2:70 E US 28.8: qü 
mn 1.03 JESUS 1259995094 3.400 9-55 2.5 25: 


least-Squares Line for Ho vs q curveē: 
Slope zo 1505 0 
Intercept = 7.72268E-05 


Least-squares line for q = a+delta-T"b 


a 
a. uğ. asasan 14 
b= T2SUDOE-V] 


NOTE: 14 data points were stored in file FONMARLTI 


NOTE: 14 X-Y pairs were stored in data file 
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NOTE: Program name ORK + 
Data taken by EEE 
This analysis done on file FONMSELDT S 
This analysis includes end-fin effect 


Thermal conductivity = 21.0 (U/m.k) 

Inside diameter, Di 2 15.47 (mm) 

Qutside diameter, Do Mo Es Umm) 

This analysis uses the QUARTZ THERMOMETER readings 
Modified Petukhov-Popov coefficient = 1.2000 


Using HEATEX insert inside tube 

Tube Enhancement EPOSRORODENSE TUBE 
Tube material TITANIUM 

Pressure condition ATMOSFHERIC 
Nusselt theory is used for Hc 


10 su ene ulhov Ponaı? xan | 
Alpha (based on Nusselt (Таај)) = 0.9159 
Ennancement (2) | 
Enhancement (Üel-T? = 1.168 
Data Vw Uo Ho Qp Tor 
+ (m/s) (m n k) (W/m 2 k) (W/m^2) Ge» 
l 255: 5 0202 1.203E*04 4.515Е425 35.84 100. 
2 2526 booa ET). 1507: TIENES 2732 aay 
2 0 537755 02 1,.c247E+04 4.2058E-05 2554 100: 
4 RE X Cp 5502 1.25227724 4,085e+705 Sap 1201 
5 | Ele Dre os I.2808-04 35.352E£-05 zün 993. 
6 7 5:1: 02: |. 3926+04 2.754Er"25 Zel Si Sn 
7 POS 4. (91E +03 15577 —.45e 065 25.41 3 
8 DEE o 70 1.2526+04 35.945Е-05 zc) 
3 25- 50072 1.262&+04  4.114E-05 2552 BER 
10 2600 5555“ 02 105620” 14.213E:65 Bo 75 g9: 
11 2500 Sli JELİ» l.215E*04 4.53535E+05 “55: ER 
bese —smleres Lıiımeklor Ho vs O curve: 
3iope = -2,4275E-09| 
intercept = 7.72534E+05 
eses =sqiepes lime for a =sa*cslta-1"b 
ew a 
в = 7.5000E-2! 
NOIE: 11 data points were stored in file FONMAHL TS 
HƏM 11 X-Y bales wers stored in data file 
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ES 


-J (N qə 


GQ) (D Ы3 SO ЫЈ) (0 Ы) СӘ EN wav 7 44 


ul ај 


NOTE: Frogram name OP OST 
Data taken by Dr E 
This analysis done on file FONMANLT2 
This analysis includes end-fin effect 
Thermal conductivity = 21.0 (W/m.K) 
Inside diameter, Di =”] 35.47 (mm) 
Outside diameter, Do mln nm) 
This analysis uses the QUARTZ THERMOMETER readings 
Modified Petukhhov-Popov coefficient = 1.0000 
Using no insert inside tube 
Tube Enhancement LPD KORODENSE TUBE 
Tube material TITANIUM 
Pressure condition ATMOSPHERIC 
Nusselt theory is used for Ho 
Ci (based on Petukhov-Popov ) 2.2555 
Ала (based on Nusselt (roel) T= 2009 
Ennancement (q) = 1227 
Enhancement (Del-T) = 1,201 
Data Uu Uo Ho Op Low 
t (m/s) Cum 2E (Mk (Um) Coe 
| 50 S pr I.317E6Er02  3.B3SsE 15 29.50 
2 1.96 S.055E+05 1.3234E 04 5958528505 20:82 
5 1.48 4.75 E 05 1.576E+04 2.428£E-05 24.91 
4 1-05 d EES 1.41 1E*04  3.054E*05 2| 38m 
= R. 4 EE v5 1.5502-04 23.4135 025 29. 
6 1.03 4, 2552405 1220050 1 görene sığan 5 
7 1526 5. 058E g5 er O J Bere 05 ORT 
9 255 5.297E+05 e dl e 3 80.08 
9 220 S.451E +85 I.2B3E+24 3.95650E+05 30.85 
12 26 5.9 E TUS 1.2662-04 4.051E*05 7 
B 3 85 CR S İL Erdi 44. US Bo sme 
e 2:5 S.569E+935 1.2512=04 4.042E-0€ 52.05 
iz 2:20 5.835E*0 j 1527204 4106 ос Se A 
14 2.88 5.46909E+05 1.288E-04 3.59551E+05 20.7- 


Least-Squares Line 


Slope 
Inter 
Least- 
a = 
b 


NOTE : 


NOTE: 


cept 


squares line 


5 ep Erdi 
7.5000E-01 


14 X-Y pairs 


Wer 


14 data points were stored 


stored 
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v5 Q curve: 


in fiis FONMANLTZ 


in dave frie 


m 
100. 
SES. 
120. 
gu 
SE 


` 


100. 
ao 
3. 
2: 
ge 

100. 

120. 

00, 


C9 GJ) O -0 — 


— ÖÖ C OY COD N D 
--] -] O) E UI (1 G2 OO C4 02 172). CO & 


— rə 


NOTE: 


Program name : DRRHIST 

Data taken by : O'KEEFE 
This analysis done on file : FONMANLTS 
This analysis ıncludas end-fın effect 


Thermal conductivity = 21.0 (W/m.K) 

Inside diameter, Di = 13.47 (mm) 

Outside diameter, Do a mm) 

This analysis uses tne QUARTZ TRERMOMETER readings 
Modified Petukhov-Fopov coefficient - 1.0000 


Using no insert inside tube 

Tube Enhancement : LPD KORODENSE TUBE 
Tube material z TITANIUM 

mü súre condition : ATMOSPHERIC 
Nusselt theory ıs used for Ho 


Ci Based om etulnhov-Popov) = 1.3930 
Alpha (based on Nusselt (Tdel)) = 0.3411 
Enhancement (oi = 1 ии 
Enhancement (Del-T) =. ya 50 
Data Vu Uo Ho Qp ew, 
t (m/s) 5 (Uz a K) (m) eo» 
| 222: 2205 1.3552-04 53.8522-05 ogg 
2 | EE 5.043E-03 | SSeS bee Ets mo um 
5 1.45 4.751E+03 | 4256-04 e IS 25: 
4 1.02 40: 06 1,4752+04 3.9456+05 20.54 
5 hb 5 a ME 05 1.417E:04 3.432E+05 27: 
5 1.053 4 SEES 1.482bE*04 3.048E+05 20.56 
7 ME 5:5 00 1.3752*04 5.574Е-05 57- 
8 2.0 GM EC): jd 5.55=205 2259: 
S ә 5.464E+03 1.313E+04 3.95JE+05 SAS 
10 ә 5.535FE:05 1.294E*04 4,Q63E+@5 256 
b 2582 5.551FE:05 1.263Е-04 4.1136+05 Der 
Least-Squares Line for Ho vs q curve: 
Slope x. v5: Y! 
Intercept = 37.5785E-05 
Least-squares line for a = atgdeltia-T"b 
a= 3.1075E5+04 
О = 7.500202-21 
NOTE: 11 data points uere stored in file FONMANLT3I 
51775: ираг wera stored in data file 
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LD C9 «€ C9 (D (2 


c) CO. C9 «D CƏ LO UY 


CJ Ы) СӘ (0 
C9 wo C 


Ts 
Ges 


135 
. 34 
527 
225 
. 00 
с 
250 
S 
.34 
. 39 
1099.g 


b 


1.0000 


—) O3 AD (Ə 


Lew 
Con 


db 
gil 
Mas 


aq 


|. ww w 


.07 
.58 
.83 
.41 
We 
10. 
elə, 
. 05 
. 38 


09 


— — 


es 


6 lə l 


NOTE: Program name DRP ST 
Data taken by RE EE 
This analysis done on rle FONMUHLT 1 
This analysis includes end-fin effect 
Thermal conductivity = 2140 ^ me ) 
Inside diameter, = | oe 47 (mm) 
Outside diameter, Do = 15.85 (mm) 
This analysis uses the QUARTZ THERMOMETER readings 
Modified Petukhov-Popov coefficient = 
Using HEATEX insert inside tube 
Tube Enhancement LPD KORODENSE TUBE 
Tube material TETANTUM 
Pressure condition « Vacuur 
Nusselt theory is used for Ho 
Ci (based on Petukhov-Fopov) = >z UU BE 
Alpha (based on Nusselt (Tdel)) = 0.9449 
Enhancement (q) = (4.22 
Enhancement (Del-T) sc d 
Data Uu Uo Ho Qp 
+ (m/s) (U/m^2-K) (uU SE (W7me 2) 
| 105 4. 900E +03 1.624E*04  1.135E-*05 
c 1.50 5.536E+105 1.545404  '| 5156 WS 
zi p 5.25 50: |. SUBE OA -1.21 E95 
4 271 5.56 1.473E+04 1.4858E-05 
> 25 6 F 05 1.492E*04 1.503E+Q5 
6 257: 56.204-02 (ay esdi 1.S2SE+0S 
m 2.84 s lz iz 1.431E+04 1.550E-05 
8 25 6. ET 1244225507 SS SEES 
E 5.84 6. 5252-03 1.458E+04 1.543E405 
10 2.8 6.112E+03 1.4728404  1.485E-05 
11 27: 5.93603 1.42856E+04 1.430E-058 
ES 17 JE m 15225 04 1 12 
n» b Se Vers 1.5252*04 1.277E+05 
14 102 4.890ET03 1.597E-04 1.15652E+05 
Least-Squares Line for Ho vs q curve: 
Slope e EE O) 
Intercept = 5.8423E+05 
Least-squares line for q a*delta-T^b 


a = 
Ins 


NOTE: 


NOTE: 


-.52.0804 
(.5000E-01 
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14 data points uere stored in file FONMUHLTI! 


14 X-Y pairs were stored in data file 


48. 
48. 
43. 
48. 
38. 
48. 
45. 
48. 
48. 
43. 
48. 
43. 
48. 
43. 


O) 
Es 


~J U) -J 


-] C) CD +] 


~) Ü) 
СӘ (D C9 ++ + ÚG CH r) 12 — L. 


~} 0) 


NOTE: 


Program name 


Data taken by 
This analysis done on file 


This analysis 


DPE St 


Iber mal conductivity 


Insıde diameter, Di 


Outside diameter, Do 
This analysis use 
M@@itrlederctuUmhOV-ropov coeTficrent = 


Using HEATEX 


Tube Enhancement 
Tube material 

Pressure condition 
Nusselt theory is used for Ho 


- 
= 
—_ 


insert 


the QUARTZ THERMOMETER 


inside tube 

LPD KORODENSE TUBE 
rur 
VACUUM 


5 
FONMVHLT 2 


includes end-fin effect 


2 aU/m.k 
= 13.47 (mm) 


= 5 5 m) 


Ci (based on Petukhov-Popov ) = 2 
Alpha (based on Nusselt (Tdel)) = Q 
Enhancement (aq) = | 
Enhancement (Del-T) = | 
Data Vw Uo Ho 
# (m/s) (W/m^2-K) Cum) 
| 2564 5624055 02 1.446E*04 
2 275” OLEY 1506 ии 
3 5701 56.078E-02 1.4852-24 
4 27: 55:: erdi 
5 1.37 5. (90E +93 1.511 EFA 
6 250 EYİ e eyi 
7 05 4250 CEU S 1.622E£704 
8 1535 = U s s n m 1:7 
E 2.44 бәни 25 I SUE C 
1g 75: 50:50 1:12 04 
DN 77: Gs ED E ue 
a 1.035 1521502 heri 


Least-Squares Line 


Slope 
Inter 


Least-squares line 


a 


D 


NOTE: 


NOTE: 


cept 


8 (BETUS 


Tor 


2557565724 
7.5000E-01 


> 
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Tez Me vs a curve: 
vE Vİ 


a*delta-T^ 


¿08 
.84 
o 


5 


— — s s i———————————  — 


he; pairs were stored in data 


88 
35 


Qp 
(CW mc) 


1017025 
45000 
TI eu 
1288705 
öc 
0215065 
«1496705 
EE 
1445025 
.489ET05 
ISSUES US 
EE 


file 


) 


1.0000 


SOs C3 
CO gj cs e» — wm) c» t1 0) 


t) — 0 Qa GJ co c) O 59) (R K— 0) O 


0 


“SUG OO OO -J CO CO 


12 data points were stored in fila FONMYHLTO 


readings 


^a – 


~J 


O 


— "TA 


+E. 


557: 


re ES 
OO oO СӘ 


ОЛ ¿(O Q) G) CO 
- 


CD 


p p = 
ОЈ Од СӘ 


~ 
LI OD u 


СОЛ) ОЛ) G) O) G) ü) G) 0) U) U) 
Ul ОЈ (D. £ CD Ul «0 0) O) О) СӘ 


NOTE: Program name : DRPgOT 
Data tat en by ESE 
This analysis done on file : FONMUNLT2 
This analysis includes end-fin effect 
Thermal conductivity EU K) 


H 


Inside diameter, Di = 15.47 (mm) 
Outside diameter, Do = 15.85 (mm) 
This analysis uses the QUARTZ THERMOMETER readings 
Modified Petukhov-Popov coefficient - 1.0000 
Using no insert inside tube 
Tube Enhancement : LPD KORODENSE TUBE 
Tube material : TLTANIUM 
Pressure conmgritromn “5796117 
Nusselt theory 15 used for Ho 
Ci (based on Petukhov-Popov) = ].85865 
Alpha (based on Nusselt (Tdel)) = 0.9526 
Enhancement (a) = 1.220 
Enhancement (Del-T) = БМ 
Data Vu Uo Ho Up Ter 
# (m/s) lk eege? (um c Kk) (uU m 2) 49 | 
| 1.03 43133 05 1.6595E+@4 1.007E+05 6.07 48, 
2 0 4400-5002 1:E25ET04 | VEYE TS 4893 
y 1:07 5.207E+03 Tee "Tee T 48. 
4 77 5.441E+03 1.5522-24 1.34959E+05 8.70 425 
5 2541 S.550@E *03 1.532E*04 1.1073E+05 56 48. 
6 07 GE Ede 1.485E*24 1.4222405 gen 48. 
5:85 5.873E-03 1.442Е-*04 1.455Е*25 10.08 48. 
8 EE 5:52: 25 1.552E+04 1.405E+05 5 48. 
3 2555 5.894E+935 1.4552-04 1.462£+05 10.05 48. 
19 25 5756522 1.576E:04 1.3408£-25 8.51 48. 
B a Sep Er 1.6@4E+04 1.270E+05 n 43. 
e 10 43220 1.736E+04 1.015E+05 = ° 46.7 
Least-5quares Line te 
Slope = Sa rH 
Imnteceept o a 1 
Least-squares lıne for q = a*=qelta-T b 
a =m ə 
b= 7.5000E-01 


NOTE: 12 data points were stored in file FONMUMLTZ 


NOTE: 12 X-Y pairs were stored in data file 
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MOIE: 


Program name 


Data taken by 


This analysis done on file 
This analysis 
nerna m cemducliylly 


Inside diameter, 


DFEOT 
ONES EE 
FONMUNLT 3 
imc ludes end in et fect 
EE T UMF 
Da = 13,47 (mm) 
zal s5 Cem) 


Outside diameter, Do 
This analysis uses the QUARTZ THERMOMETER readings 
Modified Petuknov-Popov coefficient - 


Using no inser’ 


Tube Enhancement 
Tube materiali 
Pressure (Genel; ön 


inside tube 
PUE UEURBENSE TUBE 
TITAN TON 
VACUUM 


Nusselt theory is used for Ho 

Ci (based on Petukhov-Popov ) | 
Alpha (based on Nusselt (Tdel)) = Q 
Enhancement (q) = | 
Enhancement (Del-T) = | 

Data Vw Uo Ho 

# (m/s) (Mm —k ) (Mm |) 
| 1.52 e 1 1.556Е-24 
Taos Z 205-05 1.578E+04 

2 İd ZE e 14 

4 357 215 ee 1.65604E+04 

E 2.44 EES 1.578E-04 

5 575 Sce 1.547E+04 

7 DIOS 000106 02 1. 486E+04 

8 MS 5.02 | .477E+O4 

9 52556 56 2: |. 4E ETU 
10 Si eS 5:02 1 .452E-g4 
11 7) Gb Eg |.555 E Ya 
E 257: си MS 
13 IX 5132 1 100: 
14 |. 25 4.2178-903 ME 7 


Least-Squares Line 
lope 
Intercept 


SE 


= "s 


NEE o cur ve: 


Succ sw! 
BEER 


Least-squares line for D zs 
2.5848E-04 
1 .5000E-21 


a = 
D 


NOTE: 


NOTE: 


14 data points were stored 


LBE e 


were stored in 
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zn 


7. 
(95 


El 


ә Aen im 


“s 


A Ni, KN. € €$—$a, € € — — İV —öÖ — —— 


a*delta-i"b 


ba 
53 


5 


Qp 
Cu) 


ASEOS 
. 90 3E+05 
IF MEFOS 
e 15 
. 348E+05 
, 408E-05 
155 05 
.470E+05 
.135ET05 
116665 
125 25 
. 340E+05 
EE 


TUS 


data fiie 


) 


1.0200 


file FONMUNLTZ 


í`) —J G) ~) 


(ji --] 0 0 C9 wo Ы3 w wo Q) 


Mc 
KL) 


ul — 
@ + GJ GI FIG 


uQ (O + Ы) Сә ОЗ (Jp) — 
-) 5 0 Ul 


un Gə tü 


О) UY) (J) Ul - 


ирили — — 
Rk £ — Om 


(0 О) 


-) 1/3 (4 аз 


=] CO 0O) — 


J 
A (4 О0Ә UL O b 4) 


NOTE: Program name : ORRÍST 
Data taken by CONE ENE 
This analysis done on file : FONMAHLIT | 
This analysis includes end-fin effect 
Thermal conductivity = 21.0 (W/m.K) 
Inside diameter, Di 15.47 (mmp 
Qutside diameter, Do =" 15 4255 Gam 


This analysis uses the QUARTZ THERMCMETER readings 


Modified Petukhov-Popov coefficient = 1.0000 
Using HEATEX inseri inside tube 


Tube Enhancement : WIRE-WRAPPED LPD KOROCENSE TUBE 


Tube material ili 
Pressure condition : ATMOSPHERIC 
Nusselt theory 15 used for Ho 


Ci (based on Petukhov-Popov) sw be 

Alpha (based on Nusselt (Tde!l)) = 0.8897 

Enhancement (q) = 1.211 

Enhancement (Del-T) s ss 

Data Uu Uo Ho Qp 

t (m/s) (W/m 257 (Um e—k) ( b) mom) 
| 2012 5,447E405 İSEM 5-38 E ии ади 
2 I .95 5 . ¿BE +ME 1.230E*04 3.8502Е*25 31 
2 1.50 Dd Erd. 1.250905 094 3.549E705 oe 
4 1 Os 41.G605Et05 |. ¿ae 53.55 105 2 
5 ed 4.835E-02 1.257E*04 3.648E-05 :- 
5 ga 4:55: |. 3S r04 § 5.354205 aoe 
7 1756 5.251 25 1.225104 . 3.B43 05 H 
8 әд 55.46 15 1.2112=04  4.0053E-95 d 
9 2.0 5 Be 1124211001 900 — - 25 
19 әд 5.55 n. 1.1935E*04  4.1985ET05 :— 
ir 75 55: 11B5 0 4 24 ees ə 
b “557 5.575525 LEE coe 
LS 27 5.75: 1.11. 15 EIS 
14 50 S5 c e 1.19892=24  4.082E-*05 7: 
n 2. SE 1060006 0 70 S 25: 


Laast-3quares Line son ea ə € 
Slope -2.49456-01 
[Intercept ce 


Least-squares line for q €“ a*delta-T^b 
a = Se 
D = 7.5000E-01 


NOTE: 15 Даба points were etored im fice EE s 


NOTE: 15 £-Y pairs were stored in data file 
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Ale 


cer 
GES 
98 


s 


36 


k 


205 


SE 


ER 


25 
GE 
16 
39 
2 


. 00 


— 


İb 
91 


100 


190 


Ts 
C8 


. 05 
Jae 
gie 
gr 
SE. 
SES 
SE 
S. 

120. 

100. 
dz. 

100. 

100. 

100. 

Yi 


98 
96 
87 
92 
39 
3 
33 
21 
24 
28 
02 
d. 
öl 


NCTE: Program name 


Data taken by 
This analysis done on file 
This analysis includes end-fin effect 
Thermal conductivity 


Inside diameter, Di = 13.47 (mm) 
Outside diameter, Do = 15685 mm) 
This analysis uses the QUARTZ THERMOMETER readings 


DR T 


BE ЕЕБИ 
FONMANL1T I 


ZO CAR.) 


Modified Petukhov-Popov coefficient - 


US TIMO Men 
Tube Enhan 
Tube mater 


Pressure condition 


nsert 
cement 
ial 


inside tube 
WIRE-WRAPPED LPD KORODENSE 
TITANIUM 
ATMOSBSBER LG 


Nusselt theory is used for Ho 


Cı (based on Petukhov-Popov) 2 
Alpha (based on Nusselt (Tdei)) = Q 
Enhancement (q) = | 
Enhancement (Del-T) = | 
Data Vu Uo Ho 
+ (m/s) m) (Јни) 
1 55 5.440E*025 12120 
2 S v es P 1. 170E-04 
3 E S C "DEEEF- "US | . 298004 
4 77 5.12 1E+F03 1. “428504 
5 |. 36 4.83839E+03 1. 250E t04 
6 hə 125: 1. EEE vg 
H “us 4. | SSE 995 1.53246E+04 
8 mE) 4,590 t0» | .29 958504 
g Ke 4 300202 | AREA 
10 BECK A Bere + OS 1. 624 
11 2.15 Sal S +O | aE yel 
n2 o о 5.247E+03 |. MORE FOU 
ES 07 5:00 1.171E-04 
E) graa 5.447E+03 |. TOSE tga 
2— — nane: Line or He vs o curve: 
Slope = =6,5055=-01 
Intercept = 7.6957E+@5 


+ (4 C4 C4 C4 CI OI CI C4 C C4 Gl GO E 


Least-squares line for q » a*sdelta-T^b5 


a 2.8535E+04 
Ы = 7.S000E-01 
HOTE Ti 
NOTE: TIA 


X-Y pairs were stored 
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.0562 
.8688 
sed 
2155 


Op 
(W/m?2) 


.U£ SE*05 
. IS4E+05 
SUBE US 
170 5 
.S71E*05 
SS US 
.@05E+05 
e EE 
QUIETOS 
(5505 
7: 
5556565 5 
selde 
.017E*-05 


tn data file 


1.0000 


54. 


— 


35. 


a 


SECH 
20. 
Sch 
ER 


a7 


(бе за 


~~ 
cos 


AD 


Zen Ce < 


“a 


Le zs o 


20 
wt. 


Ta 


Us 


-— y 
D 


a 


Tİ 


2 
Әбәс 


gata goints were stored in file FONMANLITI 


IE 
Tet 

(O) 

25 JE 
79 ECH 
28 100. 
76 2 
D3 33. 
52 100. 
E ae 
63 120 
71 S3 
99 E 
E E 

= 3 
79 3 


О (Ы) ЫЈ tp emdi S ci C3 


(O (0 D Wo CD G 


да 


с 
( 


E. 


~IN ÅS 45 СО ОЛ 


E 


— 


NOTE: 


Program name : DREXST 

Data taken by : O'KEEFE 

This analysis done on file : FONMUHLIT! 

This analysis includes end-fin effect 

Thermal conductivity = 21.0 (U/m.k) 

Inside diameter, Di 13.47 (nm? 

Outside diameter, Do = 15285 (mm) 

This analysis uses the QUARTZ THERMOMETER readings 
Modified Petukhov-Popov coefficient = 1.0000 
Using HEATEX insert inside tube 

Tube Enhancement : WIRE-URAPPED-EPD KORODENSE TUBE 
Tube material . 1119111017 

Peessure @omdition VACUUM 

Nusselt theory is used for Ho 


Cı (based on Petukhov-Popov ) el 
Alpha (based on Nusselt (Tdel)) = (0.8799 
Enhancement (oi = 1.201 
Enhancement (Del-T) = 1.147 
Data Uw Uo Ho Up Ter 
1 (m/s9 (W/m n h) CNN? (W/m^2) ÇE) 
l 5. 09 E.001E+03 l| ¿BABE E est 10.80 
2 2.07 5.355E 05 1.255E-04 1.427E+05 10.55 
D meg 5.700E+03 1.255E*04 1.330E-05 10.26 
4 2.4 5.510E+03 1. 30@E+04 1.340E+05 9:55 
5 nog na: 1.378E+04 1.281E405 25: 
6 bunı OG. QUESO 1.450E*Q04 1.1952=22 ии 
7 "9g 4. 50E +03 1.529Ec04 —1.074E*05 7.07 
8 1:52 4,988bE-*02 1.448E*04  À1.202E*05 8.30 
9 иОС 4  ,50ПЕ-05 1.51562=24 1.278E-05 rem 
12 emi 5. FFE 02 1.3318£-04 1.C285E+0QS 27: 
25: 5.515E+05 LEE Ebert E 9.56 
| Sch EE 1.5552*04 1.4222-05 ERR 
Ka 2 5 .SBSETUS LEET, ` SS [0r s 
14 Ses 5. 298E+03 1.261£-04  1.470E-05 Lk... 
Least-Squares Line for Ho vs иә: 
Slope = disc 
Intercept = 5.8568Е-05 
Least-squares line for q € asdelta-i”b 
a= 2.44537E+04 
b = 7.5000E-01 
NOTE: 14 data points uere stored in file FONMUHLITI 
NOTE: 14 X-Y pairs were stored in data file 
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48. 
48. 
48. 
45. 
48, 
45. 
48. 
48. 
48. 
48. 
48. 
48. 
48. 
48. 


NOTE: 


Program name 


Data taken by 
This analysis done on file 


This analysis 
Thermal conductivity 
Inside diameter, Di 

Qutside diameter, Do 


Using no insert 


Tube Enhancement 
Tube material 


Pressure condition 
Nusselt theory 


DRE SON 


aUKEEFE 
FONMUNLITI 


includes end-fin effect 
21.0 (Ы̇итн,.К) 


= 13.47 (mm) 
= 15.85 (mm) 
This analysis uses the QUARTZ THERMOMETER readings 
Modified Petukhov-Popov coefficient = 


inside tube 
UIRESUBNGEPEBMNEPD KORODENSE TUBE 
TITANIUM 
VACUUM 

1s used 


vel Ele 


2202: 
. 9345 
S055 
O41 


Qp 
(U/m^2) 


27:53 
2205505 
5:7. 05 
43505 
(01-05 
.5452*04 
.03624*05 
.598E +04 
Er 5 
EE 
5: . 05 
.045E05 
a SETOS 
5 05 
ES 


Ci (based on Petukhov-Popov) = | 
Alpha (based on Nusselt (Tdel)) = Q 
Enhancement (q) = | 
Ennancement (Del-T) = | 
Data Vw Uo Ho 

1 (m/s? (W/m EK) Cuma.) 

] Oud 5.480E*02 14 

2 c “.3424E-02 İse TE 7: 

3 2.44 EET 1:26227041 

4 ITE 495. Et05 1:24 

5 1.58 4 ENSE 022 1.4:41£ 04 

5 1285 joagmb5c tu. 1122027: 

T 1550 4.59528E+03 1.447E-04 

8 aes 3. gages O 3 1.504E-024 

E I Sm 4.854E-03 loss 

10 gəbə oM EET), NUS | zn 

11 2.3 5 .309E+*03 |.398ETUA4 

FS 25 6 5 (70-25 1.327E+04 

12 Sl GE 5 1-24 

14 E or 5.464E-02 1004 

VS 255 5550002 157 24 
Least->quares Line for Ho vs q curve: 

Slope = —2 800 r E= | 

Intercept = 5.82324E-05 
Least-squares line for q a*delta-T^ 

o zo inn 

b= 7.5000E-01 
İn 15 data points we etored 
7:67 ea Me ə "stored "In data Tile 
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1.0090 


C9 C9 (D (9 00 0) 


C) & 


in file FONMUNLITI 


-) 0) —) CO (D «D C» 


Tos 
Ce» 


.10 
.50 


21 


. £ 


5: 


2 
ra 


“25 


776 
, DI 


Yalı” 


ә dm de 


ke 


207 
44 
WA 
. 18 


48. 
48. 
48. 
48. 
48. 
48. 
48. 
48, 
48. 
48. 


Lë 


4d. 
46. 
48. 
42. 


— 


Je) 
L. «D G) @ O u 


zm] 
~} fa 


-] di CJ 


-j) 0) OGI YN О) 
Es 


un 
Ы) + 


NOTE: 


Program name DRG Pt 

Data taken by OMNE SIE 

This analysis done on file FONMAHL?2T!I 

This analysis includes end-fin effect 

Thermal conductivity 41.0 (U/m.K) 

Inside diameter, Ol tl m ) 

Outside diameter, Do 15:85 (mm) 

This analysis uses the QUAFPTZ THERMOMETER readings 
Modified Petukhov-Popov coefficient = 1.0000 
Using HEATEX insert inside tube 

Tube Enhancement UIRESURBPMPIPENNNEISINKOROSENSE TUBE 
Tube material WITANTUM 

Pressure condition ATMOSPHERIC 


COCO CE A sd 


-= (O Са аза О) D O) O u 


— u Gi 


CO t£) (0 (0 U) 


Nusselt theory 15 used for Ho 

Ci (based on Petukhov-Popov ) СБ 

Alpha (based on Nusselt (Тбе1)) = 2.9089 

Enhancement (aq) o Ulduzu 

Enhancement (Del-T) = 1.179 

Data Uw Uo Ho Lo 1. 

1 (m/s) Cim” 2”) (W/m^2-K) (Wem 2) (ED 
1 2:54 5.823E+05 1.210E*04 4.313E+05 35 100 39 
2 257 EE 205 Lët H A ` Age Eeer 34.54 BB. 
2 2:30 n.541E-03 1.231E*04 4.1453E+05 32.01 39 
4 PS 5 SAVE 03 | Sega 170506. 05 32 986 99 
5 1295 S SME tS 1.05 04 3J EOS 30 S B 
5 5 5s07 0E t) |. IE+04 5.БеМЕ-05 28.53 Wag 
7 102 1084 505 |.55 004 Saseee-0s 24.55 WO] 
8 "S0 57 0C6E T05 1.2866704 3.55657E+05 2M 29 
g vse 4 3822E-0- 1.553E+@4 3.356E+05 24.91 Weg 
12 1796 5.35304E+03 1.26561E+04 3.883E+05 205 9 SE 
Di 2 85 cud gerer E 1392436904 4.09030E+05 255: dis 
12 2420 5.540E-0-2 (121E-24 1. O5 DNE 20: 
ES 2 5.747E-0z | 2SNGETUA 4 eee ys 21.66 SE 
14 55 5.824E+03 1.2272-24  4.2830E-05 35.55 MS 

Least-Squares Line for Ho vs q curve: 
Slope = =2. 4705 9 


Intercept 


Least- 


a = 


b 


HOTE: 


NOTE: 


i. fends tes 


squares line for gq -» a*dei:a-T'^b 
2.9774E+04 


7.5000E-01 


14 data points were stored in file FONMAHL OT! 


14. X-Y pairs were stored in data file 
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C3 


PA -1 123 O) r) O) 


NOTE: Program name : DRPQKT 
Data taken by : O'KEEFE 
This analysis done on file : FONMANL2T! 
This analysis includes end-fin effect 
Thermal conductivity IN ) 
Inside diameter, Di Ri (mi) 


Outside diameter, Do x. ön) 

This analysis uses the QUARTZ THERMOMETER readings 
Modified Petukhov-Popov coefficient - 1.0000 

Using no insert inside tube 

Tube Enhancement ; WIRE-WRAPFPFEDWEPD KORODEMSE TUBE 
Tube material : ТЕРРИФИЈМ 


Pressure condition : ATMOSPHERIC 
Nusselt theory 18 used for Ho 


Cı (based on Petulkhov-Ponov) = 05715 

Alona (based on Nusselt (Tdel)) = 0.2901 

Ennancement (q) = | Sere 

Enhancement (Del-T) = 1.153 

Data Uu Uo Ho Op 

1 (m/s) (W/mK) Сули 11) Cu” 
1 3.84 5.574E+05 1.207E+04 4.128E+05 24: 
2 2557 5.452E-03 1.207E+04  4.012bE*05 a 
3 290 Se YE; (e E104 5.9] 9S9E: 05 227 
4 205 5S.: 8 JE t03 1.25 E 04 ER 20. 
5 15 4 .967E+053 1.272bE*04 3.6339E+05 287 
6 149 dE 1.513Et04 3.49097E+05 25. 
7 Maa 4.182bE*03 1.353E*04 3.038E+05 —. 
8 1.50 4 .BBSE+OS (arya DEE 7 
9 Ims 4. 1956703 1.369E+04 3.052E+05 SE 
1@ IS 4.957E+03 EE 24) 5 EE 05 Loe 
ei 257: би 105 (> esya 5 S0SE*05 20. 
| MS 5:5155-02 1.215E*04 5.911E-05 b ap 
1162 7 S.444E-92 1.204Е-24 4,015Е-25 ə. 
Fo 2 Ba o 1. 137E-04 4.034E-05 E 


Lesast-Squareas Lime for Ho vs q curve: 
Slope SE Eet 
Intercept = 7.68S7E+0S 


Least-seuares line for q = atdelta-T"b 
a 2.3268E+04 
b 7.5000E- 01 


NOTE: 14 data soints were stored in file FONMANLCTI 


NOTE: 14 X-Y pairs uere stored in data file 
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Tef 


em 


Gee, 


03 
25 


s 
SN 
120. 
102. 


LI Cə (DƏ C9 ow Gt 
аз (П Ul 0 U & Ul r3 


cc 


„S4 


NOTE: 


Program name : DRED 

Data taken by uU ELE 

This analysis done on file : FONMUHL2T! 
This analysis includes end-fin effect 
Thermal conductivity 2 DAL K-) 


Inside diameter, Di = 13.47 (mm) 

Outside diameter, Do = |5 Bem. 

This analysis uses the QUARTZ THERMOMETER readings 
Modified Petukhov-Popov coefficient - 1.0000 

Using HEATEX inserti inside tube 

Tube Enhancement : UIRESURSBPPEDOISSEUSNOROSIBENSESIMIES 
Tube material : LULU 


Pressure .condition : VACUUM 
Nusselt theory 15 used for Ho 


Ci (based on Petukhov-Popov) = 2458 
Alpha (based on Nusselt (Tdel)) = 0.8901 
Enhancement (q) = ee 
Enhancement (Del-T) s XEM 
Data Vw Uo Ho Up Te 
4 (m/s) Um “2 46) ( Wm S295 R) dm) (C) 
1 2035 6. 3756703 1.377E*04 1.S17E+@S (iz 
2 2 8 5. JOBE-*0:5 I. szasErü4 1.474ET05 10.27 
3 ii Gas ets 1.568E+@4 1.43558E405 10.43 
4 2.44 G aeg) c0 1.23567E+84 1.38SE-03 LOIS 
5 I 55002 Ме = ИЛ We EE ds 25:77 
5 IS S.058E+05 | PAREFDA 1.258Em05 2.64 
7 | 205 4.505c-05 1.535E-*04 1.115E+05 7: 
8 1.50 С.ҝд45Б2 5 | AMAEFDL. — 1.249855 8.70 
S 1.05 4. SENE 0 (S5 Pega | Erd qm 
10 | agg G eb 4r Ü 5 1.596E4041 1.5 1E425 9,54 
11 7 Sobre Us 1.53578E+04  1.35398E*05 10.14 
lb 2 ASH 6.747 85R02 1.370E+04 1.448E-08 [asss 
13 2.08 S.388 166503 1.242E*04 1.475Е-05 103833 
14 255 S. SES l.»1JETO04 1.51 TETOS yz. 
Least-5quares Lime for Esl ə g CUrve: 
Slope = -2 ВИССЕ “ди 
intercept = S 84736775 
Least-squares line for qQ = a*tdelta-T”"b 
a= 2.4663E+04 
b = 7.5000E-01 
NOTE: 14 data points were stored in file FONMVHL2T I 
NOTE: 14 X-Y pairs were stored in data tile 
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48. 
48. 
48. 
48. 
48. 
48. 
48. 
437 
48. 
48. 
48. 
48. 
48. 
48. 


NOTE: 


Program name ORRQKT 
Data taken by O KEEFE 
This analysis done on file FONMUNL2T 1 


This analys1s 
Thermal conductivity 
Inside diameter, D1 
Outside diameter, Do 


Using no insert 


includes 


end-fın effect 


zuo m. K 


= 15.47 (mm) 
= 15.85 (mm) 
This analysis uses the QUARTZ THERMOMETER readings 
Modified Petuknov-Popov coefficient = 


inside tube 


1.0000 


Tube Enhancament WIRESNRAPPED LA. KORODENSE TUBE 
Tube material TITANIUM 
Pressure condition UACUUM 
Nusselt theory ıs used fər Ho 
Cı (based on Petukhov-Popov) = 1.8287 
Alpna (based on Nusselt (Tdel)) = 0.8688 
Enhancement (q) =" 1.979 
Enhancement (Del-T) = 1.059 
Data Uu Uo Ho Qp İc: 
# (m/s) (W/m 2-K ) (W/m^2-K) (Uzm 2) (C) 
1 5.85 S ESIE 05 1.32656E+04 1.405E+05 ia 57 
Z 2.50 5.5212Е*05 1.25SE+04 1.373E+05 10.28 
5 255 51 ME 5 Tele 250 
4 7: 5 217 E03 1.200E+Q4 1.29353E+05 9.2.5 
5 157: qu ECCO 5 1.405E*04  À1.225E-*05 77- 
5 1.52 4.5826503 1.451E404 1.13533E+05 es 
E Kaabes 440657: 155255 erh 5.50 
8 1.50 415 BET - 1.448Е-04 1.1422-25 503 
g 14935 4.043E+03 ¡CST 9-93 ie) 4T 65.53 
12 ] 4. 954505 1.41224*04 1.23959E+05 570 
11 2.44 531220: 1.5 57704 (1.32-E”05 012 
12 cU e Ee 1.360E+D4 1.356E+25 7: 
13 3.589 5. SI4E+9s Һәзи или 5295Е-025 10.45 
14 S265 5.542Е-05 ENEE KE Bee 


Least-Squares Line for Ho vs q curve: 


Slope = 
Intercept 


Least- 


a = 
b = 


NOTE: 


NOTE: 


cuu ESO 
EE 


squares line for q » a*delta-T^b 


2.4150E-04 
T.3000 | 


14 data points were stored in file FONMUNLZTI 


14 A-Y pairs were stored in data file 
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-J] G) cC») О) SI 


an 


Fi 


Ja 


J XO) -J 
— О) 14 4 (ОЛ (O 4 f) C) G 


<a did 
Ü) (P) O) CJ (4 О) 


kb 


NOTE: Program name : OR®GET 
Data taken by 101555 
This analysis done on file : FONMAHLST2 
This analysis includes end-fin effect 


Thermal conductivity = 21.0 (U/m.K?) 
inside diameter, D1 = 13.47 (mm) 
Outside diameter, Do = |5.25. (mm) | 
This analysis uses the QUARTZ THERMOMETER readings 
Modified Petukhov-Popov ccaffıcıent = 1.0000 
Using HEATEX insert inside tube 
Tube Ennancement : WIRE-UWRAFPED LED KORODENSE TUBE 
Tube material : TENANMUN 
Pressure condition : ATMOSAMER IC 
Nusselt theory 15 used for Ho 
Ci based om Patürhov Popoy) = 2, 583552 
Alpha (based on Nusselt (Tdel)) = Q.3532 
Ennancement (a) = |.556 
Enhancement (Del-T) ESSE 
Data Uu Uo Hc Qp Tel 
2 (m/s) (UMAK) Cm zn m.) (Си 
| 1.08 4135000202 İ.ZELE 04” 2:56EE es 24.00 99% 
2 149 5. 80E 10E | 3576604 5.521Е-25 21.75 OU 
y Др —5—: 1.35371E+94 1.070E-05 29.67 em 
4 müə 5. 785E t03 1.345E+04 4.21353E+05 SE 100. 
5 2.0 5 <SESDİE Ок asena a we E Ws 2757 95 
6 Si b 6.999E+035 1.5022-204 12. 5312705 20 100. 
7 5.98 BD Ss My va ip OS 34.42 S ` 
8 2855 6.014E+03 l.207E-Q4 4.388E+05 23.55 ggg 
9 5985 E RER 1.237E-04 4.460E+05 34.56 qos 
10 2290 5.339603 1.336E:04 4.325E+05 o gon 
11 2.7: 5 “EE 06 1252040010 4. DES 31.52 10004 
ps 155 5.3976+03 1.5202-24 4.050Er05S ¿2,0% 677 
13 a 5 WEE 03 |. PESAS J.a l TETOS MEME m 
14 1.02 4.885E-22 raylar EE “ə s 


Least-5quares Lıne€ ter He wep ie 


Slope = — 2S esc en 
Intercept = 7.5380E-05 
Least-squares line for q = atdeita-T"b 


a= 35.1776&+04 
b= /.S000E-01 


NOTE: 14 data points wera stored in file FONMAHLZTZ 


NOTE: i4 X-Y pairs were stored in data file 
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NOTE: Program name CRT 
Data taken by 

This analysis done on 
This analysis 
Thermal conductivity 
Inside diameter, Di 

Outside diameter, Do 


This analysis uses 


Usina no insert 
Tube Enhancement 


Tile 


] 
= | 


Be 
FONMANLST 1 


includes end-fin effect 


21.0 (W/m.E ) 
52.47 (mm) 
5.35 (mm) 


тпа ЈИ ии МОМЕҸЕЗ readings 
Hd? ted Petüulihov-Popov caeefiicıeni 
Inside tube 
WEE OEZED SPP KORGDENSE TUBE 


1.0000 


Tube material TITANIUM 
Pressure condition ATMOSPHERIC 
Nusselt theory 15 used for Ho 
57 5 ca a Ul Hhov-Popov) = 2025 
Alpha ívased on Nusselt (Tdel)) = 9.933 
Enhancement (q) = E 
Ennancement (Del-T) = Ҝи. 1 
Data Vu Uo Ho Qp cen Ts 
1 (m/s) (W/m gan) 0) |) Cum) o) Ip 
| S. YET) ua. 4605 77502 7. 
> 57 5:25 02 1,27526424 4.12328E-925 65556 7. 
2 eae) 5551527 1.6Ј(/Е-24 4.050E-05 le “100-027 
4 25: a I.312E+94 3.908E+95 231776 5552 
5 UG CRISIS TEE 27.88 100.90 
6 157 qo gm TUS 1562110 EE EL 
i 1.02 4.399.993. LEE, Eer 2705121100 S 
8 | de ED 1.380E*04  35.523E-*05 с Ji 
3 1508 gr ии 1.438E-04 2.150E-05 575: SE 
10 EE GE 1552001 0538 65 vE YO 2 
11 2256 5.384E-Q05 |. 6/ҺЕВ04  2.824E-*05 progres 
ks c SIE OS 1,2904E+Y4 4.2452-05 lx 5 55 
13 Ew 5.85535E+03 E | сс D с 
IE! Ede С.7715Е-29 1.2652*04 41.2118-06 ps 200 Lo) o 
Least-Snuaras Line for Ho vs q curve: 
Slope = (= 2geec-ul 
İN ee E ER 


Least-squares line for q 


a= 23.071]2b5-*04 

Ы = 7.5000E-27I 
NOTE: 14 data points were si 
NOTE: 14 X-Y pairs were stor 


17 


a*delta-T 


ored in 


Se 


221275 dani ST | 


NOTE 


Program name : ÜRPÜK 

Data taken by we ELE 

This analysis done on file : FONMUHLST! 

This analysis incB/dbs end-fin effect 

Thermal conductivity = 21.0 (U/m.k) 

Inside diameter, Di = 13.47 (mm) 

Outside diameter, Do = 15.85 (mm) 

This analysis uses the QUARTZ THERMOMETER readings 
Modified Petukhov-Popov coefficient - 1.0000 
Using HEATEX insert inside tube 

Tube Ennancement : UIRE-URAPPED LFD KORODENSE TUBE 
Tube material IA 

Pressure condition : VACUUM 

Nusselt theory is used for Ho 


Ci (based on Petekhov-Popov) = 2.60894 
Alpha (based on Nusselt (Tdel)) = 0.9949 
Ennancement (q) = 1.415 
Enhancement (Del-T) = j|, 37 
Data Uu Uo Ho Op Tom 
+ (m/s) a) (WIN TES (W/m^2) (ED 
| 75 6.544E-03 1.581E404 1.5/0E+05 2. 
2 də 6.381E+05 1,565E+04 1.52656E+05 OS 
2 2750 6.240E-03 1.538@E+@4 1.481E-05 RES 
4 2.27 SM E 03 1.598E*04 |.4252-25 38.39 
5 ES S.833E+0š 1.65645E+04 1.370E405 do US 
6 1.50 5 Es 1.649E*04  1.268bE*05 ep 
7 |. Ge A E da 1. 751507” | 5 ES 5 
8 İZ SÜ S.43 E 0; A e lE 15 nö. 
3 İ 3 A .321E”22 1.764Е*04 1.1462*05 5.50 
12 b Gur” 1.503E+04 1.357E+@S 2:5 
11 59 БЫ.025Е-25 1.577E*04 1.431E+05 2: 
we 2770 b. TEL 1.S6eE7@4 1.480-E05 5: 
| Sear BA E 26 156217 SEEDS 27: 
14 75: O OE 02 Saya 1155: 25 10.03 
Least-Squares Line for Ho vs ag curve: 
Slope = HERE er) 
Intercept = POI € 
Least-squares line for ag z< a*delta-i “b 
a = 2.7630E-04 
b = 7.5000E-0! 
NOTE: 14 data points were stored in file FONMUHLZ!! 
NOTE: 14 X-Y pairs were stored in data file 
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45. 
48. 
45. 
43. 
43.5 
48. 
43. 
Wu. 
45. 
46. 
48. 
46. 
45. 
43. 


— 


-JUlrJ U 


“10 O) 0 y 


ds 


Program name : ORPOK 

Data taken by O EFE 

This analysis done on file : FONMUNL3T 1 

This analysis incyydps end-fin effect 

Tnermal conductivity 2150021 0.k) 

Inside diameter, Di 13.47 mm») 

Qutside diameter, Do = 15.85 (mm) 

This analysis uses the QUARTZ THERMOMETER readings 


Modified Petukhov-Popov coefficient = 


Using no insert 


Tube Enhancement 
Tube material 


Pressure condition 
Nusselt theory 


Ci (based on Petukhov-Popov) 22.0410 
Aloha eased onuussel me)” ə. 3413 
Enhancement ou 
Enhancement (Del-T) = 1.143 
Data Vw Uo Ho Qp eet Ts 
t (m/s) UW/m^2-K2) (Ы/ҹ”2=ҝ |) 2) ES GE 
| 507 5.3I54E+03 1.506E*04 1.438E+05 9755 20700 
2 JBA GU ses 1.469E+04 1.482E-05 5 48.77 
2 2252: SUE 1.:484Е*24 1.424ET05 Bese 43.87 
4 2:2: 6.031E+03 12808043 1.443e70S5 2 48.53 
5 70 5. 7S54E+03 1.493E+04 1.373E+05 0 48.88 
6 2.435 2 1- 1.523E+04  À1.5350E-05 6.73 1: 
7 1577: 556 oo 1.543E-04 1.254E-05 7: 48.83 
8 1.50 q.d EOS 1.576E*04 1.158E-05 1.55 42.83 
3 595 4,397E+03 1.585E*04 1.032E405 6.12 46572 
10 m. 4.8408-02 1.5B02E-04 1.1722405 zs! —- 
11 Тә 4. 5222 NS 1.089994 1.9526+9S Be ls 1:7 
li 5 5:0: 1.548bE*04 1.2652*05 71: 43.87 
bs 2,44 sime ES 1.522E-24 1.2334E-05 77: 415 
14 0 5.771E+03 1.507E-04 1.35388E+05 2 41:66 


Least-Squares Line 


E 


Ә12ра 
intercept 


E 


eBast-squares line for o 
a = 2.8202E-04 
b 


“7” “.06E”01 


NOTE: 14 data points uere stored 


NOTE: 14 X-Y pairs were stored 


inside tube 
WIRE-URAPPED LPD KORODENSE TUBE 
TITANIUM 
VACUUM 

Te used "Tar Ho 


tor Ho vs dq curve: 
2.52 ME-0] 
5.85301E+05 


in file FONMUNLST! 


in data file 


NOTE: Program name : DRA T 
Data taken by eb Espa 
This analysis done on fıle : FONMAHCI 
This analysis includes end-fin effect 
Thermal conductivity 5250000005) 


Inside diameter, Di = 12.70 (mm? 

Outside diameter, Do — Mm) 

This analysis uses the QUARTZ THEFMOMETER readings 
Modified Petuknov-PFopov coefficient - 1.0000 
Using HEATEX insert rsi ute 

Tube Enhancement m USO MEE 


Tube material : COPPEF 
Pressure condition : ATMOSPHERIC 
Nusselt tnecry is used for Ho 


Cı (based on Petukhov-Ponov ) = 2.8055 

Alpha (based on Nusseit (tdel)) = 0.8518 

ennancement (q! s 045 

Enhancement (Del-T) 22 000577 

Data Uu Uo Ho Qp Ten 
1 (m/s) (0745 (Wm ZR Gm) (00 
1 2 6.725856 r05 G.034E:03 4.060E-üb 52.00 
E E 6.6675-03 Q.151a 71.7 6 - Һи 
2 2725 5.574200 Se “4.55 - 50.47 
4 c s 6.42 76700 A IS 16022 
5 2.28 B..0TETOS 3.635505 (4 402E 25 45.72 
Б 555: с.852ҝ2=05 2.865Е-05 4.162Е-95 42. m 
7 — De Ti 1.20422-24 3.305Ex95 25. 71 
E 20 b.) Ge wi EEE 5 577 
9 27 0. gc 3.35 E “75 
10 8 6.6842-22 2.495E+03 4.6592-05 4592: 
! | cnm 9.8500 79305 9.50 1E 0S ES 1 
ES a ce EE) 9.757Е-9 4.580E-05 ә. 
IS 15 S. 3712-07 1.2022=24 4.1286-085 757: 
14 i03 5200 hp 1.58 2:7 
5 5: O3 UE UE 5.c+Seevs ée 12.92 
16 0425 Емел EN 5 ETE qa 
"m ono b. db ES Dee S. 

Least->queares Line for Ho vs a curve 
Slope = -3.4S@0GE-0! 
Intercept = 37.5858E-05 

Least-squares line for n € asdelta-i”b 
a 2507514 
b= 7.5000E-21 

NOTE: 17 data points wera stored birini 

NOTE: 17 X-Y pars were emdim XX 1 
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NOTE: Program name : OBgqk 
Data taken by Ер 
This analysis done on file : FONMANCI 
This analysis includes end-fin effect 


Thermal conductivity = 3965.0 (U/m.K) 
Inside diameter, D: =" 12 0 (mm) 


Outsice diameter, Do 13.05 (mm? 

This analysis uses the OUARTZ THERMOMETER readings 
Modified Petukhov-Popov ccefficient = 1.0006 
Using no insert inside tube 


Tube Enhancement ии ОЛА EE 
Tube material : 10565 
Pressure condition : АТМОЗРҺЕР1С 
Nusselt theory 15 used for Ho 
Ci (based on Fetukhov-Fopov ) s SES 
Alona (based on Nusselt (Tdeli?+ = 9.3152 
Ennancement (q) — wi er 
enhancement (Del-T) = 1,033 
Date Vw Uo Ho Up Ter Ts 
t im/s) (Um. s pn) (Mimo (U/m^2) [Cy Do 
| 4:51 Esse sss 9. 703E+03 a сс 7 
2 27 are 85550 Ac T DO ии 77 
ә Sees eT 6:45. 2-05 33.40 100.05 
4 205 5.144E:05 1.024E*04 3.749E+05 36.60 5 
= 25 46 a» l.052E-Q4 3.505E+05 57 gor. 
5 155 JE 6 1.0738404 23.:57E-05 4550. 100:22 
7 us 3.005E*03 1615250 - 12:56 05 770. 100772 
8 156 4.3446-03 1500 0075 05 23.41 100.00 
3 eau 2 84803 (MWE ..75:EzÜB 2-8 2 
10 о 4.5122Е-05 1.0585*04 3.521]1E 95 “505 109.00 
B тә 5-—: MO 24 5 sti SEC ST 27 
b QM a EM 0; 0-7 b 55.35 53:37 
I B se Ey Q. 3658-0202 4.1:278-08 41.2; UNES 
14 4151 S. r= dB SEEDS dl EE 20:20 050 
Laast—Squares Line for Ho vs q curve! 
31002 255 UU“—:. 
İntercept = 7.2355E-05 


Least-squares line for q > a*delta-i 'b 

a e El 

b = 7.50002Е-01 
NOTE: 11 data points were storeo 1n fila FONMANCi 
NOTE: td X-Y pairs were stored in data file 
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NOTE: Program name 


Data taken by 


This analysis done on file 
includes end-fin effact 


This analysis 
Tnermal 


Outside diameter, 


eomauctıyı y 
Inside diameter, Di = 


DRALBT 


EE eee 


FONMUHC 1 


= 365.9 (Wim.k ) 
12.70 (mm) 


Do = 183.05 (mm) 


This analysis uses the QUARTZ THERMOMETER readings 


Modif12d Pel Poner cas) Tica: = 
insert 


Using HENTE, 
Tube Ennancement 
Tube material 


Pressure condition 


Nusséit theory 15 


Ca 
Alpha (based on Nusselt 
Ennancament (q) 


Enhancement (Del-T) 
Data Uw Uc 
4 (m/s) (Um S po) 
I d 15.5 
e 5770 .—:- 
3 200 v, 1.5 
4 24 b. e 
5 2 t.575- ac 
5 ie 6.1582=45 
Fi 1.16 SS EN. 


(based on Peturhov-Popov) = 


1.0022 
inside tube 
SMOOTH TUBE 
EE 
ЈАСУЈМ 
used for be 
20616 
(Tdel)) = “20727 
= 57 
= 23955 
Ho Qp Te 
¿Um ии (лми) Си 
1.11202E+04 1.743E-05 15.75 
1.036E-04 1.685Е=05 | S258 
Ge ae ри 26 h- 
PE Me | 7 5 әнә 
1.144E-04  1.492E-*05 15.04 
Mo aa)” em ac 
E 76 OS 3; 90 


Least-Squares Line fom Ho vs @ curve: 


Slope 
Intercept 


Least-squares line for 


Q = 


= S32. ee 5E-UI 
5.544826-05 


a*delta-I'b 


-muəm 76 

b= 7.5000E-21 
NOTE: O7 data points were stored in Fıle FÜNMYAĞI 
NOTE: 07 X=Y pairs Were stored in datam ne 
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Program name 


NOTE 


Lu 


Data taken by 


Th 


FONMUNC 1 


a 
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Te lee 


Nd E 
y, wé 
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SIS 
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ue 
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end- 


includes 


Thermal conductivity 


This analysis 


Lf) 
cry 
1 


Inside diameter, Di 


(mm? 


5 


Outside diameter, Do 


This analysis u 


c 
wt 


RESTER readıng 


1.0090 


Modified Fetukhov-Popov coefficient 


Using no 
Tube 


inside tune 


insert 


nhan: 


cem 


E 


FE 
tu 


tr 
r 


CULM 


^ 


UA 
used 


SE Ee 99 
thecry 


Nusselt 


Ho 
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I3 


sr 
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0. 


pov) 


=n 
t 


/ 


` 


no 


(based on Patuk 


D 


E) 
(0 
LI 
cO 


Sutras |.) 


= < 
— 


(based on Nu 


Ennancement 
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УД Јо Но Go 
(m/s) (W/m 


Data 


Q 


—— 


ES 


Ma 20) 
(.4a61E-0s 
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NOTE: Propran name DREDKE 


Data taten by 


This analysis done on file 
ıncgıgips end-fın effect 


This analysis 
Thermal conductivity 
Inside diameter, Di 

Qutside diameter, Do 


OV ECEE 
FÜNMAHESCİ 


385.0 (W/m.K) 
12 257 Mnn 
= 19.85 (mm) 


This analysis uses the QUARTZ THERMOMETER readings 


Modified Petukhov-Popov coefficient - 


Usnng HEATEX insert 
Tube Enhancement 
Tube material 
Pressure condition 
Nusselt theory 


Ci (based on Patukhov-Popov) = 2.8065 

Alpha (based on Nusselt (Tdel)) = 1.2643 

Enhancement (q) = 1.934 

Enhancement (Del-T) = 1.640 

Cata Uu Uo Ho Qp 

4 (m/s) 575702 cake) (um °k) (W/m*2 ) 
1 25 9.492E+03 1.465Е*04 6.577E+05 44, 
2 2 5 9.328E+93 1.438E+04 8.388E-05 423 
3 254 Q 1.5222204 6.213E+0S 40. 
4 c 6 -CE£ € ].5535E*04 5.978€+95 38 
5 mob 8.3 E3 1S = ии 5 2122 = 05 22 
5 IB dee | BENMERUT S 22252705 dus 
E ns 5.985E*T03 1.771E*04 4.679E+05 5 
8 nm. 7.804E+03 1.647E+04 5.292E+05 2 
9 1.15 Бб.584Е ис 1.7 55-04 4 .Б84ЕТИС 26 
10 250 Gk GE 0166 ¡ e0 5. 7eseros 385 
i" 55 8.943E+03 1.593E+04 5.088E-05 5 
ls 254 39.2564E+053 1.55896E+04 5.3 5E -05 40. 
12 25 5 OE ME EOE e EnS n 
14 425: 9.743E+03 135001 EE EİZE”05 43 


Least-squares Line for Ho 


1.0000 
inside tube 

WIRE~WRAPPED SMOOTH TUBE 
COSBER 

^ NES PHERIC 


15 used for Hoc 


vs q curve: 


file FONMAHBSCI 


Slope = —-1.9114E-09! 

Intercept = 7.3487E+@5 
Least-squares line for q = ardelta-T*b 

a = 3.9079E+D4 

Ы = 7.5000E-01 
NOTE: 14 data points were stored in 
NOTE: 14 X-Y pairs were stored in data 
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NOTE: Program name : DRPCK 
Data taken by we KEEP 
This analysis done on file : FONMANESCİ 
This analysis includes end-fin effect 
Thermal conductivity r e m.K ) 


H 


Inside diameter, Di = 12.70 (mm) 

Outside diameter, Do = 19.05 (mm) 

This analysis uses the QUARTZ THERMOMETER readings 
Modified Petukhov-Fopov coefficient = 1.0000 
Using no insert inside tube 

Tube Enhancement e (BE DOH TUBE 

Tube material : COPPER 


Peessure condition : АТМОСЕНЕК1С 
Nusselt theory is used for Ho 


Ci (based on Petukhov-Popov ) jT 

Alpha (based on Nusselt (Tdel)) = 1.5159 

Enhancement (q) = 2.053 

Enhancement (Del-T) 0555- 

Data Vu Uo Ho Gp ee 
1 (m/s) QUEM Ek) Qu ) (U/m”2) KE? 
| 2 TA ETOS ee OS 31.90 100. 
2 57 (.478E942 ja 5S, 2426705 30.00 120. 
6 775 1325-7003 1.807E*04 41.888E-05 5761 es. 
4 LN 6.596593 1.812E:04 4.6355E+05 2 о 
5 M le 55577 (4 2005065 2550. quo. 
5 | isi Ge EZ 1506 7 17266 05 176 lou. 
7, SES quU SETS 2.354E+04 3.170E+05 o DM 
8 IB GE O |. 901Et04 3. 750Et05 e ea A 
3 ie 4.450E-02 20255:101 2-İS9E”ÜB 14.00 100 
12 2020 6.006E+03 1.3874E+04 4,27S6+05 2] 55 
11 2572 55:52:56 1.877E-04 4.7214E-08 2557 9 
Iz 7- 15:05 OS pe 04 SETOS 255 E 
15 777 5.22 150004 5§7425E+05 250 g 
14 4.20 8.034E+07 1505000503 5S. 66se+05 saz 


Co (D (0 wo i 


lLeast-5quares Lame tor Ho vs ü curve: 
Slope - -1.3453E-41 
Intercept = 7.1005E-*05 


Least-squares line for q -» a*delta-T^b 
a = 4.1757E*04 
b 7.58000E-601 


NOTE: 14 data points uere stored in file FONMANES3CI 


NOTE: 14 X-Y pairs were stored in data file 
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G1 C) (C) in 


O CH 


NOTE: 


Program name : DRPOK 

Data taken by : O'KEEFE | 
This analysis done on file : FONMVH68C1 

This analysis includes end-fin effect 

Thermal conductivity SES O m. K) 


Inside diameter, Di zoe. 709 mm) | 
Outside diameter, Do = 19.05 (mm) 

This analysis uses the QUARTZ THERMOMETER readings 
Modified Petukhov-Popov coefficient = 1.0000 

Using HEATEX insert inside tube 

Tube Enhancement : WIRE JR FRED SMOOTH TUBE 

Tube material : CORRER 

Pressure condition . UBBUE 


Nusselt theory ıs used for Ho 


Cı (based on Petukhov-Popov) 2.5490 

alpha (based on Nusselt (Tdel)) = 1.1854 

Enhancement (q) = NIE 

Enhancement (Del-T) = 1.546 

Data Vu Uo Ho Qn Ter 15 
# (m/s) Gm) çim 2-K) (W/m^2) de) (Y 
1 4: B.E. 1.641E+04 2.246E+05 13.58 48.74 
2 2778 39.448E+03 1.528E*04 2.148Е-25 SS 43.81 
2 5785 a oS 1.Б582Е204 2.02622425 0 48.78 
H 2:72 8 ..5393E+03 1.660E+04 1.3458E-05 za 48.72 
E 2021 g.20 F 05 1.703E+04 1.828E-25 1072 48.73 
6 1558 vs SE 5 1.755E*04 1.668E+05 8.51] 48.78 
2 ms 6-6 0E 25 eya NE = 7.46 48.59 
8 IE deet 1.754E+04 1.687E+05 ze 48.3] 
3 kur 6.658E+03 1.345E:04 1.4558-405 7 2 48.52 
12 E Ss e VELİ El e 6 O 10.73 48.50 
11 e. 4 8.740E+03 1.678E+04 1.98688E+05 e dP. Pa 
lz MS 501 6 12-55-5004 - 04505 he 48.58 
ISS Eg 3.44B5E*03 ws — 33 20908 3E 05 SS 48.72 
b BESSE 3.846E+03 Medyaya 2-2 05 13509 48.58 

Least-Squares Line for Ho vs q curve! 
Slope e IUE Zİ 
Intercept = 5.495ФЕ-и 

Least-squares line for a ” asdelta-l”b 
a= ij l2 04 
b = 7,5000E-01 

NOTE: 14 data points were stored ın file FONMUHBSCI 

NOTE: 14 X-Y pairs were stored in data file 
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NOTE: Program name : DRPOK 
Data taken by wi ee 
This analysis done on file : FONMUNB8CI 
This analysis includes end-fin effect 
Thermal conductivity Es Um.) 


Inside diameter, Di = 12.70 (mm) 

Outside diameter, Do 975 0m ) 

this analysis uses the QUARTZ THERMOMETER readings 
Moditv.ed Petukhov-Pooov coef ficient = 1.0000 
Using no insert inside tube 

Tube Enhancement e YE Ere rep TUBE 
Tube materlal 7 EL 


Pressure conudurUrron” E ENEE 
Nusselt theory is used for Ho 


Ci (based on Petukhov-Popov? = 1.0373 

Alpha (based on Nusselt (Tdel)) = 1.2885 

Ennancement (q) = 1.825 

Enhancement (Del-T) = 1,570 

Data Vu Uo Ho Qp e 
# (m/s) (U/m^2-K) (im SEE u m 2) 2) 
| 21507 7.410E+03 1 ,S58E4-04 1.748E-05 7 
E — 7.037E+03 1. 334£E-04 1.644E+05 de 
E 3.265 Eeler 2106 04 |.545Е-022 155) 
4 557 Б.1772Е405 2.189E+04 1.432E+@5 55 
5 252) 55567: 2.262E+04 1.288E+05 7 
5 1-258 4.800E+03 2.340E+04  1.111E-*05 4.75 
y ın. 2005 SR 5 52 
8 1.58 41.25 ит 2.277E404 1.127E-05 4.85 
g 1.18 3.83877E+05 2.492E+04 8.888E-04 So | 
12 221 2000557 2.308E+D4 1.315E-05 5.72 
11 257: Б.15252*05 2:1712=24 | .446E +05 5.54 
12 5227 Bol Er 2.085E*04 1.557E+05 7.51 
13 23:82 EE 1.981Et04 1.647E+05 3.31 
14 4 7.407E-03 1.9546+04 1.74БЕ*05 7 
15 2004 EH a 2.17ZE*04 1.423E+05 5.55 
15 1.16 3.895E*05 2555507: 14 26 


Least-Squares Line for Ho vs q curve: 
Slope 1.56) 
Intercept 5.4549E+05 


Least-squares line for q = a*delta-T^b 
а = 3.4454E+04 
Ы = 7.5000Е-д21 


NOTE: 15 data points uere stored in file FONMUNG GC? 


NOTE: 16 X-Y pairs were stored in data file 
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NOTE: Program name DFP OK 

Data taken by 

This analysis done cn file 
This analysis 
Thermal conductivity 
Inside diameter, Di 


Outside diameter, Do 


5... 


FONMAHTICI 


includes end-fin effect 


- 385.0 (U/m.K) 


12.70 (mm) 


505 


(mm > 


Tnis analysis uses the QUARTZ THERMOMETER readings 
Modified Fetukhov-Popov coefficient - 1.0000 
Using HEATEX insert ins:de tube 
Tube Enhancement Sie ere 
Tube materia COPPER 
Pressure condition mü e VE 
Nusseit thecry 15 used for Ho 
Cı (based on Fatuthov-Popov) = 3.0634 
Alona (besed on Nusseit (7del5? » 1.5049 
Enna"cement iq) =. E 
Enhancement (Gel-T) = 575 
Data Uu Uo Ho Qp 167 
# (m/s) (Wim ga?) Cum 2257) (U//m2? ÇE 
| 25: 1020 1.770E*Q04  7.4858E-05 4.55: 
d 3. 79 1.0752404 1.7525022 /(.İ55£ 03 40.42 
2 5 1.050E-04 1.835E*04  7.052E-T05 265 
4 2.72 1.007E*04 1.850E-04 6.764Е-05 525: 
5 257 GE VE |. BE di 522072765 2.25 
5 1.57 Bos E TUS |agESETUM ` ae 29.94 
7 ]o S EYE 15 J.TI2WETOÓR 5.23 7E+0S 24.55 
8 (27 Eech 2.011Е224 6.09292E+95 “855 
g aS 1480 2.174E+D4 S5.310E-25 әд 
12 ae) 3.801E-*95 2 E oS 25.36 
11 5” | cO ERE SUIT 1.379Е-04 7.07SE+95 2427 
es 77: 1.2839E-04 1.370E-04 Т.4222-05 ER 
Least-*5quarss Line eo Ho ss gecu ye? 
Slope = -|.47422-0| 
Intercept =m s= 
least-squares iine Tor q = ardelta-f'b 
a = 8.535567 04 
Ы= 7.50002-4| 
NOTE: T2 data pornts were stopem in ıle se ine 


EE See | 


Lİ 
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in cara f 


m 


ib 


üb Pegoran name : ÜRBÜR 
Data taten by EE E 
Tnis analysis done on file : FONMANTICI 
Thrscamelyvsis rncludeswend-finasffect 
lascmadecongdguctiwity eos  Wm.K ) 
Insice diameter, D1 = İS. (mm) 
Outside diameter, Do e mn” 
This analysis uses the QUARTZ THERMOMETER readines 
MOGtrico Petukmovercpov coefficient = 1.0000 
Using no insert inside tube 
Tube Enhancement : WIRE-WRAPPFED SMOOTH TUBE 
Tube material e 
mesire “omeri om OS SER TC 
Nusselt theory 15 used for Ho 
rr ee emon etukloy Toncy) Xİ. 280 
Alpha yasam On Nussalt (Todel)? = J ages 
Prbancemant (33 x 
Enhancement (Del-T? A 
Deta Vu Uo Ho Op ei 
t (m/s) (илик |) (W/m^2-K) m.) Coy 
i 15: 6002: “25:00 672 iEP”UE — 7: 
a 20: B.5. Et) yin Gl pi UD 271 
5 220 Begs ets 2141715501 S.SglE+oS e s 
4 e 157502: O A 05 27577 
5 2.0 2550755000 2745 01 “a. G2secro05 155: 
b 1.88 EE e Ya vim AA Ы 
T wS 4.758€ 7-035 gesi 55556105 275: 
8 1.55 555-055 ss o 0515005 ESTO 
g lo Ps deet 2050505501 e Ei 57: 
10 gum Om Et) 2 .605С*04 4,720Е405 Mo 
le 5570 *.50482-05 EE, Ee 757: 
ES си ei we Merde Sx Usb-085 57-- 
İz 277: ƏB 06 Eri b, very 2555 
14 7 dud reg ти) иб ирс £5 
Mes Şar > Lime Sor Ho vs q curve: 
Slopes = -8.55272-022 
Intercept = 7.05402-25 
Least-squereas line for q € asdelta-. b 
2 0 4 
mö “7:x006E£”2: 
Ne ta points Were Stored in file FONMANTICI 
De E 077 7 3125 were stored 1n cata file 
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ca 
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00 2 UY Ga wo wo 
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— 
tji 


Tem 


cə £D 


C) tD au) 


— Сә 00 (D 
UYDU) 4£- Lİ —- 


gin 


3 


= 4 fa 


EIB 


NOTES 


Program name DRPOK 

Data taken by O s E= F 
This analysis done on file FONMUN?7ICI 
This analysis includes end-fin etfect 


Thermal conductivity So eer mK? 
1 
1 


Inside diameter, Di c. Ü (MM) 
Outside diameter, Do = 12,05 (mm) 
This analysis uses the QUARTZ THERMOMETER readings 


Modifiıed Patukhov"Eopov cos 7:6Ten: = 1.0002 
Using no insert inside tude 
Tube Enhancement WE keke E Ee 
Tube material Orton 
Pressure condition VACUUM 
Nusselt theory 13 used for Ho 
Ci (based on Petukhov-Popov ) = 1,0835 
Aipha (based on Nusselt (Tdel)) = 1.4135 
enhancement (q) = 1.849 
Enhancement (Del-T) = 360 
Data Vu Uo Ho Up Let 
# (m/s) (Wii eon) (1) EM.) 2 
| 45 4.54 763 2.150E+04 1.844E-05 Вин 
2 276 150: nE 1 17 22 5.07 
о əz 750 SESS e, EE Vater GE 7356 
4 4 BESE ri cue 175 JE 25 CES 
S nee GC GR ә ETO] keen E 5.48 
B 1.58 Si F 0) EE e lee 4.70 
1 1.15 4.Q068E+03 2072657001 (67576 04 E 
8 Pee je Use engl d ane c2 CC 12:00:75 4.50 
S 59: 4.07353E+03 fə 04 95.3610904 2055 
10 5: 214 12-05 m... EE nu 
li 24 D 5 IE TOI .—.42:5“04 1.56863E+95 5.44 
b JN T qo dE t5 2.350E+04 1.693E+05 Ve 
E 255: TES ES eee 17:06 3.05 
14 10 2 Tee 5 2.1622=04 1.8825-05 257 
Least-Squares Line for Ho vs q curve: 
Slope SS he 
Én BEE El Ие 
Least-squares line for q = a*daita-""> 
a= 3.7811E-04 
b = 7.5000E-0! 
NOTE: 14 data points were stored 1n *:i2 FONMUNTICI 
NOTe: 14 "Mere Jere stor Us PILLS 
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48, 
45. 
42.1 
43. 
45. 
48. 
4d. 


e^ 


oon 
48. 
48. 
455 
си 
43. 
dM 


err FÒ iti 


=) –— | ә) 11) — 
Çal m” a HH 


r. 


w (0 ОЛ О (f) O) ú) —J JO 


0 ав ЕА) ə cel mea Es Süme Ë 


NIT RE PROS an name : 


Data taken by 
This analysis done on file 


DRE Ok 


Thermal conductivity 
Inside diameter, D1 

Outside diameter, Do 
Tnis anaiysis uses the QUARTZ THERMOMETER readings 
Modified Petukhov-Popov coefficient = 


loss [í 


Tube Enhancement 
Tube material 


Pressure condition 


2 
FONM 
This analysis includes end-fin ef 
OA ho) 


Y 
f 


z 
T 


mu 


O - [tll 


| 
t 


= 12.70 (mm) 


-13.05 


Nusselt theory is used for Ho 


Ci (based on Petukhov-Popov) 
Alpha (based on Nusselt í(Tdel?)) = 
Enhancement (q) = 
enhancement (Del-T) = 
Data Vu Uo Ho 
1 (m/s) mM CUM 2K 
| T EE 2.07222404 
2 1.58 77-60 5:65: 
> 20 5... e Em 
4 274 S z87E-03 1.724E+04 
= 7: = > = E 1.805E-*04 
5 39 1504 la poc rO 
7 4.32 1.2382-24 5:55: 
8 5 e VE OE 1.502E+04 
9 Sea 6255 E mee 5E tO 
10 1.15 12502 2.088E*04 


Least-Squares Line for Ho vs q curve: 
SX ME 


Slope 


Intercept 


Least-squares line for q 
3.5765c704 


Ле 01 


a = 


D = 


NOTE: 


NOTE: 


öl 


5730. 0E TOS 


10 data points were stored 
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insert inside tube 

WISE SEAS E SIDO 
27.5 
VACUUM 


) 


a*deita-i^ 


+ (1 ГЈ |) 


xo çu rb ıb — — 


10 X-Y pairs were stored in data 


-] 0 0 (D 
0D G) C9 P 
C ~) 


(mm? 


Qc 


(W/m > 


E 
SE 
ISE US 
Mu EDS 
5:55 
oos 
E 
EE 
2:5 - 6:6 


ele Ue 


L 


fiie 


1.0000 


TUBE 


ın file FONMUH”İC2 


C) dw -J Ú) 


— —{ 
О 


CJ «à C1 P CD 


.. Y) 


-J 70) a 


— (9 
– 1 (1 © 0 Ut Oo) C.J 0 A E CD Ul 


Ut i U) -) -) (1 


APPENDIX E. DRPOK PROGRAM LISTING 


The program DRPOK, which was used to collect and reprocess 


all of the data, is listed in this appendix. 
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DEDON CO KEEFE ) 
ESUISEDSEROM-DRPIT2B: DUE PS Sc I Or 


Meese USED WITH NONSINSTRUMENTED TUBES" ONIL Y 
2” PATA IN THE FORMAT ОР SWENSEN/D"REEFE 
CAN REPROCESS ANY NON-INSTRUMENTED DATA 


ES PROGRAM WAS USED TO COLLECT ALL THE NON- 
GE ENTED DATA TAKEN BY Ö'KEEFE CAPR-SEP 1992) FOR TITANIUM TUBES 


LESNING OF ALL FLAGS IN PROGRAM 


IST pop TYPE 
SO: OPTION WITHIN PROGRAM 
PH: INPUT MODE 
HB VALUE=OF Ci USED 
IFG: FINNED OR SMOOTH 
INN: [SEP iy PE 
IUT: LOOP NO. WITHIN PROGRAM 
ier: HLIERNATIVE CONDENSER TUBES 
IMC: EE <p TER LAL 
Wi TUBE “DLAMETER 
YU: PRESSURE CONDITION 
INF: DIMENSTONLESSSENSE REQUIRED 
WF: Ae REQUIRED 
HU: OUTPUT REQUIRED 
IHT: PIS TUE IC CORRELATION 
186: T TDE THIC THEORY CORRELATION 
Gül /Cc/ C(7) 
217 at Tat E) 
Oey CeS5/ 156(5) 
2251 /Uc57/ T57(5? 
22) /Сс58/ Т58(5) 
56: /Eld/ Ift.olstu 
20 Enf(20) Tut5? 
£30/0r/ Qanat 0) Tfmt20),Tfmr Inc ,Opr 
we e lim lwin ime ,lfe ljyob,lwd,lfg,Ipco ,Ifto,Iwil ,Ihi ,Ice,Inam,t 
teap Rm 
ww Geom/ Bl DZ¿,D1,Do,L,L1,LZ 
1:77. 51 25727.94569 ,-767545.8295 ,78025595. 81 
Nee EE Le BEL DEEL A 3.54078E+14 





READ C(+) 

Me EN -112671-7 3.29416-11 .-9.77136-16,3.71212-20 
Битс ии. 

DATA 273.15,2.5878E-2,-5.9853E-7,-3.1242E-11,1.3275E-14,-1.0188E-18 
READ T5E(+) 

DATA 2723.15,2.5923E-2,-7.3933E-7,2.8625£-11,1.9717E-15,-2.2485E-19 
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1054 
1055 
1056 
1057 
1058 
1053 
1060 
1061 

1062 
1065 
1064 
1065 
1066 
1269 
1084 
1098 
1095 
1096 
1102 
1105 
1108 
DR 

RES 
b 
LI 
bu. 
1118 
bu 
Piece 
b” 
bı 
Mae 
ke 
nos 
Dos 
Mas 
E 
1132 
1141 

1144 
1145 
1146 
1148 
1152 
İsi 

S3 


READ TEAC) 


DATA 273.15,2.5931E-2 “7.5 5757 a e e lc) 
REAO TSEC) 

Dr=.015875 | Outside diameter of the outlet end 
Dsspeel524 ! Inside diameter of stainless steel test section 
n, =P ls sp 274 

А1р2=0. 

O an5 | Condensing length 

Li=. 860225 ! Inlet end "fin length" 

60.05 ан | Outlet end "fin length" 

PRINTER “is 

PEER 

PRINT USING "4X. EE ии ии ии 

PRINT USING "6X,"" @ Tahe data or re-process previous data'"" 
PRINT USING E e e 

PRINT USING FEX 0 O O a: 

PRINT USIND 507 ии ии 

PRINT SUSING Bx O иди 

PRINT USING "BX ` P 5 RENA JES 

INPUT Ise 

Esos ls 90m! 

IF. Iso RR el Elek O97 

BEER 

INPUT "SELECT FLUID “@=WAIER T R 0 77 

ito ji 

PEER 

1job=0 

INPUT "ENTER INPUT MODE (0= 5846 1225155 Fir 

Im=Im+] 

BEEP 

IF Im=1 THEN 

INPUT "ENTER MONTH, DATE ANG TİME Me Di er 


OUTPUT 768; TD" ;Dates$ 


0111701 EE 
703:Datet 


ENTER 


END IF 
IF Tyobel 


r 
INFUT 
END 


7 


THEN 


"ərin Daun... ür 


PRINTER e 


IF Im=] 


m 
THEN 


ENTER ee 


PRINT 


Month, date and time 


. LiL” 


END iF 
PRINT 
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> 


P P + ti til CJ C. 
i rs "ce =] UT + 


ZE a 


un 





PRINT USING "10X,""NOTE: Program name : DRPOkK""" 
NV ob-| THEN 11839 

BEEP 

MS ELECT (Ci:O=FIND 1=STORED Ci)" Iwil 

IF Im=1 THEN 


BEEP 
INPUT "GIVE A NAME FOR THE RAW DATA FILE” ,O files 
PRINT USING "IEX,""File name > "" 14A";D files 


RESTE BDAT D_failes 30 

"ТМ GFile TO D files 

BEEP 

EEUU ENTER GEUMETRY CODE (1=FINNED 0=PLAIN)" ,Ifg 
Inn=0 


Æ INTER IS | 

PEEP 

Rİ “ ENE INSERT TYPE: " 
RINI ` gal e Pp pEr J [p 
EKİN) " E E E, 
RINI " Eo OPE 
BEINI " EE 

INPUT Inn 


777101 €Fıle:lfa,lnn 

Iut-Q ! FOR UNINSTRUMENTED TUBE 

Fheğ 

Ер=0 

Fw= 

Istu=0 

ERGO THEN 1241 

EUM LIN PITCH, HEIGHT AND VIDTA, Fp ,Fh,Fw” Fp,Fh, Fw 
Smee erıle; lut Fp Fu fh 

EISE 

BEEP 

Koi [EF IS Í 

See Ss TUDERI S DATA TO BE REPROCESSED:” 
217P7CUV 70 5(ENHSEN/Ü FEEFE “(DEFAULT)” 
777 0-— UL PEJTEN/MITRUU/LUUMES/GUTTENDORE " 
INPUT Istu 

Peer 

PRINT 

BE Stu-l THEN 

25715: > STUDENT NAME: " 

150 < OsUSN PETTEN" 


5). Si OU 
PRINT "“ 2-CÜUMES” 
“5177 7 0) ENDORF ” 
EESE 
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1280 
Таи 

12g 
бә 
b. 
1296 
ın.” 
1286 
bə 
1230 
bzi 

E 
İk 
1294 
235 
ass 
hig? 
1293 
[233 
1300 
1501 

1355 
SY 
bü 


ә“ 
cu 


La 1 
kuza 
|l. 
1227 
1. - 
lees 
(250 


153 


PRINT 4=SWENSEN" 

PRINS. 5EOCBEBEPREN 

EHL TE 

INPUT Inam 

See 

INPUT “GIVE THE NAME OF THEME: Tesi LNG e e e e 
PRINTER I Su 0 

IF InamsÜ THEN PRINT USİNE Dat re ee 
IF Inams! THEN PRINT USING? Nox = Cate NE 
IF Inam=2 THEN PRINT USING TEO Da rata en 
IF Inam=3 THEN PRINT USING” Tex Ee EE 
IF Inam=4 THEN PRINT USING "15X,""Data tal en by 
IF Inam=S THEN PRINT USING “16X,""Data taken by 


PRINT USING “16% ," "This analysuse done ont tle 
PRE mi 

BEER 

INPUT "ENTER NUMBER OF Date SEIS STURED 2 
ASSIGN @File TO D files 

EN TERY keet eelere 

IF Istu=0 THEN 

ENTER PELEA A ии 

ELSE 

IF lfo=0 THEN TENTER TCP e ДИ 


2: 100 :0.71185 


LF eife=1 THEN ENTER ere re ili 
ENER 

ENTE 

If ToBI THE ME 

lf lft-0 THEN S45 


PERH 


PRİNTER 15 


PRINT USING “4X,” "Select re 1 90 

PRINT USING "5X," "0 ihick walt öpme ии 

PRINT USING "6X,"“"1 Wolverine Korodense LPD Titanium Tube 
PRIMT USING "6X ,°"2 Smooth Tıtanırlim 1086” 

INPUT Iwth 

BEEG 

PRINT USING "4X,""5elect tube Enhencement used:””” 
PRINT USING “OX e ee Rp e 

РЕТЫТ USING SEX 0 r Cp sj D 

PRINT USING “BX,” 2 EENEG M 

PRIMI USING C bX ə LED ATC HEES Ee 

PRINT USING "5X," "4 VİRE-URREPEO Ep mer RUE En 
ITNE UTETE D 


PRINTER 15701 
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VAN РЕТТЕЈ 

Y 
MITROU” " fk 
COUMES "" a 


GUT TENDORS 


SWENSEN Z 
O'KEEF TEM 


BEER 


SST ER IS | 


zteel'"" 


ENENI USING "4AX,""t£elect Material Code:"" 
Bolt? USING “6X ,"°@ Copper Meta nesi 
PRINT USING "6X .""2 Aluminum 3 90:10 Cu-N1""" 
İ 0) USING “GY ,""“4 Titanium "ii? 

Pe UT Imc 

ENTIER IS | 

Seer 

ed 

IF Iwth=@ THEN 

Sees USING AK, "SELECT TUBE DIA TYPE:”"” 
meee) USING “6X ,"°O SMALL""" 

171:1 USING *BxX,""1 MEDIUM (DEFAULT)""* 
AANT USING "BX,""2 LARGE""?” 

INPUT Itds 

ere IF 


PRINTER IS 701 
IF Iwth=@ THEN 





a=, 01.7 OO NEO TUN ANE MARGE TUBES 
Do=.01905 Ob TO EV Mi TUBE 
END IF 
рија: Һ=1 ТҺЕН 
D12.01247 
2 01565 
İP IF 
hö Tuth-z THEN 
5 0156965 
Bü 01286 
ENS IF 
01=.019025 
nac 01587 
IF Itds=@ THEN 

lios .0] 27 

1-200535. 5 
ELS TF 
us =2 THEN Do=.025 
17:0:H-1 THEN Dl=.01585 
Ms) ТНЕМ D=.015€5 
ein. THEN D1=.01587 
A tne THAR DE=. 01587 
Pee inc=0 THEN Есу=5865 
mM elme-| THEN kcu-lb 
Meimc- THEN Kcou=167 
He TEHEH Fcu=45 
İF Imc=4 THEN Kcu=20.1 
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1498 Rm=DorLOG(Do/Di)/(2*+kcu) | Wall resistance based on outside ares 

| SC Seer 

1504 INPUT “ENTER PRESSURE COND DIGI 0 Seba 

1507 Ipco=lpc 

1508 Inf=0 | 
1510 BEEP | 
1557 Ife=1 X 
ise Kere | 

1545 PRINT USING "l1b5x " "This analysis ime udes end (e cee | 
1546 PRINT USING?” 16X%- Thermal G; n i ""13D.D."" (UH/N.B?” a 
1549 PETHT USINSOP”İB?”” İpe 4357 pi >. pu 2 Cmm)"""3D1 +186 
1552 PRINT USING “16X,""Outside diameter, Do = "" )0.D0,"" (mm)"”" “Sica 
|ESE NBEERS 

1556 — Ihrs8 

1557 PF IMPE Se | 

1558 -PRINTAS SELECT INSIDE CORMELAT IONE” 

15539 MERINO GESTEDEK TE WEN 

150 RINI I=SLEEIC HER Ouse. 

p] SHOES ESPE TURNO ВЕРИР 

[552 INPUT 

(565 IF Ihi=0 THEN 

Eet BEEP 

[SEES ST SELECT SREBNIELEDS EXPONENTES 

бес Er 

1568 Icc=0 

1558. BEEF 

Sro elli 

eri SELECT OUTSIDE THEORY/CORRELATION FOR WILSON ANS 

PRES PRINT GC=NUSSELT THEORY ee 

psy M ERIS FEFUJIT 0127277005 TEON 

ele 

155 EPEE 

1575 lima! 

157 EE 1 

10 3511 SELECT COOLANT TEMFERATORE TRT FIREN RE 

1579- IF 151050 TREN PRINTI =S INGEE TEF CORN T C: 

1580 PRINT I SQUSPTZ- THERPDPIETERSCEISIESUETOS 

15817 PRIN: los JUNE rr e ири 

ESE PDT 5 

1565 PRINTER Sis 701 

1584 IF Itm=@ THEN PRINT USING "16X,""This analysis uses the SINGLE TEFLON TA 

readings" "" 

1585 IF Itms! THEN PRINT USING "15X,""This analysis uses the QUARTZ THERMOMESE 
readings" '" 

1586 IF Itm-2 THEN PRINT USING "18X,""This analysis uses the 10-JUNCTION THERME 

HIER EE a 

1587 Tres 1° POR MOD Tr KEP a Teli 

1588 IF mı de e 

1589! IF Inn=2 AND Di”. 2028525 TLELT те Ди ии ИН 

1590! TE Inn-2 AND Di 2177550 ES 

1981. IF Tun: 12 T 196 






Q5 
07 
08 

208 

510 

Б12 

12 

B16 

EI 

B18 

519 

520 

521 

P^! 


æ i 


E 
E 


524 
634 
644 
ER 
BS | 
554 
557 
660 
661 
666 
ББ? 
B7 


675 





Hn 0 ТНЕМ Ci-.012 

2551. THEN C1=.035 

END IF 

Wi eimızl TREN C1=1. 

771ni”. İHEN Üırl. 

IF Iwil=1 THEN 

BEEP 

7i ENTER Ci IF DIFFERENT FROM STORED VAPUE” Ca 


1140" :С1 
17:1nn-0 THEN PRINT USING "15X,""Using no insert inside tube 


IF Inn= 
12000“: THEN PRINT USING "I5X,"'"Using HEATEX insert 
IF Istu=@ THEN 

12 nune] THEN PRINT-USING "IB5X 
ESSE 


3 


WO END IF 

BB? PRINTER IS 761 

Mm IF Ihi-0 THEN PRINT USING "165*,""Modified Sieder-Tate coefficient = 7 
B ci 

02 IF Ihis0 THEN PRINT USING "1!BX,""Chosen Reynolds No. exponent yl 
D” :Rexp 

104 IF Ihi=1 THEN PRINT USING "16X," "Modified Sleicher-Rouse coefficient = 
BB 40":Cı 

EE lf Ihi-2 THEN PRINT USING "I65X,""Modified Petukhov-Fopov coefficient - " 


THEN PRINT USING "IBX,""Using wire wrap insert inside tube""" 


inside tube 


""Using twisted tape insert inside tube " 


77:  ::ElN PPINT USING "TEX, "Using wire wrap insert inside tube "" 


END IF 

1Е 1:с=0 AND Ife=1 THEN Ac=28.4 
IF lic=1 THEN Ac=0. 

BEEP 

IF Ijob=1 THEN 1648 

PRINTER IS 1 


EDI Orem TEMPORARY PLOT FILE (TO BE PURGED)’ 


W a lets" DUMMY" 

BEEP 

VERME BURAT Po fıle$s 10 

7 ::/ CPıilep TÜ P f1le$ 

feet job=| THEN 

lov=1 

6210 1888 

BÜ TF 

BEEP 

Meet SELECT OUTPUT (@=SHORT, 1=LONG>" Jov 
lovslovtl 

Tv İNLER 13 701 

IF Ityp=@ THEN PRINT USING "16¥ ,""Tube Enhancement 
1771707 THEN PRINT USING 115X," "Tube Enhancement 
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ow cs 


ЫСО әр F 
SEN Nee си 


1674 


j. 


DEBES 


RSA 


1678 


157 EL 

1581 IF Imc=@ THEN PRINT USING “ii Tube mat ri 

1682 IF Imc=1 THEN PRAT US TAS n lI ne er sa. 

1683 IF Imc=2 THEN PRINT USE Ey Tune mer il 

1664 IF Imc=3 THEN PRINT USING "16% ,""Tube material 

1685 IF Imc=4 THEN PRINT USING "“16%,""Tube material 

1585 IF Ipc=0 THEN PRINT USING Er ressure core 

1587 IF Ipcsi THEN PRINT USINO "1D Pre m e mol 

1688! PRINT USING EA: ELN De na a UNE REM IT ии 

бирр 5 

1689 IF (Iw211=0 OR Iwil=2) AND Im=2 THEN 

i698 TIjob=1 

169%  Iwd=1 

(bab CAMS 7 

1639 ENDS 

1702 J=0 

17412. .1E lov=sl THE) 

Vr RN 

11727 Emi (e eh 

1724 EKİN El Nee EE Uo Ho 
Келр""" 

бә mu USING ТИ тр (тләр A om) 

o) A 

112 ELE 

172€ PRINT USING "10% ,""Data Vu Uo Ho 

í ıb... 

(729 PRINT USING = TOX Ea (m/s) CW ae ee (W/m^2 

) (505: 

1730% ENER 

1726 END IF 

1747 24-0 

1750 NDS 0 

1753 E 

1756 Zyeğ 

1/75) (8 

Гур SE 

175575 € 

1768 S:-ye0 

Саты (velo. 

1774 Repeat:! 


ir 


1E Tiype4 THEN ER Ne THG 
RE, 5 


Дур 


Др 


“HE aa 


. JHEN PRINT SOS ING 


USING 


A 
ee 


"16 


, "Tube Enhancement 


"Tube Enhancement 


, "Tube Enhancement 


198 


WIRE-WRAPPED SHOW 





LPD KORODENSE TUBE 


WIRE-WRAPPED Lee hi 
| 


Eelere 
STAINLESS” MECA 
ñLUMISU CTI 
90/12 CU TN 

: TTTƏNTULİD 
UABCUUM""' 
ATMOSPHER TO SE 
"" DD.DD ,2x Z. DOSES 

Op TEN Ts 

CU AE ( Cg 
Gp T 

-K) (W/m 2a ( 





ES 

elm! THEN 

BEEP 

NIU ETRE TU CHECK NG CONCENTRATION (12Y,05N)"",Hg 
5F51-I THEN 

Eli 709; AR AF49 AL41 VRS" 

Kul Ul 709;"n$ 5A" 

En IF 

PREP 

WU “ENTER FLOWMETER READING" Fm 
27:11 709; "AR AF60 AL62 VRS” 
17101 703:”A5 56" 

ERNER. 709;Etp 

531511 1033 AS SA" 

BEEP 

MEOT CONNECT VOLTAGE LINE” ‚OF 
ENTER 708;Bvol 

Baer 

esi) 6 BISCONNECT VOLTAGE LINE” ,O! 
Hö Bvol..1 THEN 


BEEF 

BEEP 

EU INVALID VOLTAGE — TRY BERİNİ” O! 
550 1218 

EID IF 


37701 YO; AS SA" 
emer 705:Bamp 

tv Etpsli.Etb 

705. AR AF10 &BLA7 URB" 
Nn=7 

FÜR 1-0 TÜ Nn 
2:77: 720? R 5A” 
бе=0 

FOR K=1 TO 10 
een 7054E 
Se=Se+E 

МЕТЕ 

Emf( 13-AB5(5e/10) 
50 1 -Enff12:“1.Es5 
NEXT I 

weet 700; AS Sñ" 
I puj 5713: " TTF2E'" 
7112 

meee 7153011 
33751 712: T2HZE” 
Welt 2 
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bh... 
1342 
1945 
1948 
al 
1954 
| 
1370 
15 
Və. 
135 
1974 
PES 
ıı. 
127 
1348 
18108 
1930 
19 
| 3B 
Jos 
1986 
(888 
1930 
|39- 


ENTERA ON 

OURPUT Zİ I] i 

Ura 

ENTEE”7 72 ie 

pz LEE AS 

OUTRUN 7s: aeons ee 

BEER 

İNFUT “ENTER PRESSURE GAGE READING e er aa 
Pvapl=Pga*5834.7?7 1 PSI T0 Fa 

QUTPUT TOA PAE E 

OUR EE tf PRESSURE IK B FEF 
55=0 

FOR K=15 70) 29 

ENTER Ee 

Ss=5s+Etran 

HE Eh 

Ptran=ABS(Ss/20) 

BERR 

PRESSURE IN Pa FROM TRANSIT: 

ВРуввс= ("9 00504“Ptren”13477 eee 

ELSE 

IF Istu=@ THEN 

ENTER EFrlterEvol Bamp Eto. Fm. 11 1277700 ema: 
ELSE 


ENTER @FilesBvol ¿Bamp Vtran,Etp ,Emf(0) Emf(1),Emf(2),Emf(37 En am 


a AA 


1994 
1555 
132: 
rage 
IS 
2000 
-002 
2003 
2008 
2209 
2010 
¿011 
os 
UNS 
¿VES 
¿056 
süz 
2042 
2042 
2044 


END IF 

İF J=j OFm]J=20 Or nj - r СЕ: 
Ng=1 

ELSE 

Ng=@ 

ENO IF 

END IF 

IF Istu=@ THEN 
Tsteaml=FNTvs5v57(Emt(0)) 
Tsteam]=Tsteaml-273.15 
Tsteaml=FNIivsvS6(Emr( ty)? 
Tsteam2eTsteam2-272.15 
Tsteam=T5team! 
lroom-FNTvsvSsSgStEmTC2 09 
Iroom=TroSsim |. 

Teon Reg EE 
Teemnsloon cs Ы 

ELSE 
Tsteam=FNTvsvy(Emf(0)) 
Iroon hl EE Ee 
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b | 
B,lsteam,Iset,Mfng 


164 
167 
170 
p 





Meen-pNivevi Emit 4), 
END IF 
Psat=FNPvst(Tsteam) 
27 7 1:523-122:(Troon-26.852/50 
Rowater=FNRhow( Traom ) 
IE istu=@ THEN 
Ptestl=Fvapl 
i esit.-Pvap” 
BSE 
Ftestz-(Phg*hohg-Puater*Rouater )*83.81/1009 
END IF 
BNS-Fs5at*1.E-2 
Hap-Ptest^*l.E-5 
müt -Pis 
TsateFNT.sp(Psat) 
Ust-FNUvstiTsteam) 
senaz 0test2-Psat)/Ptestil 
5E- “1-Ppng 
Müve12.018 
127:1::-1 THEN Muv-e1357 TO BE CORRECTED 
IF Ift=2 THEN Mwv=62 
Ufnge(Ptest2-Pset)/Ptest2 
Wei | /(14(1/91ng-1 )*Muv/ 3.97 ) 
Mfno=Mfno* 1060 
Vfno=Vtna+* 100 
BEEF 
IF lov=2 THEN 
PRINT 
2- PU TIME OF TAPING DATA 
ik ll THEN 
251 7ÜS3:”ID” 
SER 728:1olus 
BED IF 
501 USING "]0X "Data set number cnp 0 cyl aie 
71? 1700: AR AF40 AL4@ VRS" : 
557511 7098: A5 S6" 


ENG IF 

IF Tov=2 AND Ng=1 THEN 

Bea) USING lak," Psat Ptran Tmeas 5. Ne 
ANT USINO "I0X,"" (kPa) (Ра) (C? (C) 560601” 


PRINT USING "117 ,1(2D.DD,2X )..1(3D.DD ,5X) ,2(3D.DD ,2X) ,2Y .1:M3D.D,.229": 


PRIIS 

ENDL IF 
1577770 51 
BEEF 
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D rä FJ EM — — — KG СӘ se CD cD (CD ca CT Di cl zs 


0172377 77 03 TO 017 0 TO TE Ul 1 LCD UT m Ee ə UT UL Cİ UD ce) 


LA 


fs) Gİ Cio ror r fə ro fo Fl r fa FD foro To TO To Ta p3 pop — — — — — =— — 


— UTUTUT “blr? — C» 3 OD -J C) (1 +. +. T. C. 


rn 


IF Im=1 AND Ng=1 THEN 
DEBE 


FRINT 

FRINT USING "10X.,""Energize the vacuum EI 
BEE 

INPUT "ÜF TÜ ACCEPT THIS FONT TSi OSND 
Irem =O. Hel 

EE 

DISP "NOTE: THIS DATA “EEE DE eri 
WATT S 

GOTO 1780 

END TF 

Elin. 

END SLE 

IF Im=1 THEN 

Je Fm OR Erie Hen 

Ifm=@ 

BEEP 

INPUT INCORRELT EM OTSBEEBDIEU-DEBETE er 
IF ifm-0 THEN 1804 

ЕНИР 

E NETE 

Neyi EEG 5 

IESIStusoü THEN 

TusENTVSvSSUEmpUS)0) 

Ti2=PNivsvootemi< a) 

TolsENIvsS v58 EMT AN) 

keelen 

Ml a 

Meli. ts 

ve lol 275 5 

o: lo: ola 

Tdeil=Tol=1i] 

Ted OP 

Tdero-T2-T] 

EE EE 
Dtdez2.59231E-7-1:950A4b5 4E -t *E tg qon ini 


+E TENRA 


SC Oe Ee e Pee EE E EE hee R TS SOS O RONS 
Ul 


M GJ | GO OF CJ Gİ 


TriliseDiuesEtp/10. 

ToasT ez 

İF “ev Ren 

Pr De let ret TINS TOUTS 


Park. sn... (TEFLON ) (QUARTZ) 


PRINT USING “2x 
ENE “TE 
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e ee T s GEB = 


.-5D.1154E- 15 SEXE 


.1T(20.00.2X93”:1Tr1 Tol, 11:17 148611 146 e 


2 —671171-T1? 

2 e (lr. T!) 

Pi NPER IS 1 

BEEF 

e S (|  T1)-(Tríys>yY/(T2=T1) 
17752 .05 AND Im=1 THEN 

BEEP 

meen?) OCT AND T-PILE DIFFER BY MOFE THAN 54" 
01:2=| 

577: “0 AMD Er?” .05 AND Im=1 THEN 1780 
EN IF 

Æ INTER IS 701 

EESE 

TıeFNTvsv(Emf(2)) 

бен Могад((Т14Т2)43,5Б) 

Il | ITABS(Elp)/(10=*Grad)*1.E+B5 
EI: 

lo 

END IF 

IF Istu=@ AND Itm=@ THEN 
MAST] 

Т2о=То1 

END IF 

I itm=! THEN 

iut 1 

fl o= 

END IF 

IF Itm-2 THEN 

ie) i | 

TZoeloo2 

END IF 

iz PİlirtilZo92”.5 

1ft=0 

Cpw=FNCpwí Tavg) 

RhovueENRhout Tava) 

1Е 151 =0 ТНЕМ 
Md-z(5.7408*Fm*13.0270/1000. 
25:77: 061 35044E-3“111:5..52E-5:“T11”290/1.0027 
ELSE 


ln USE +6. .E0932E-3+Fm 

— ““— || 5614Е-511145.25Е-бБ2Т11"2)/.395454 
END IF 

Mf-Md/Rhou 


H EE EE ER E 
Vus-Uu*(Di/1.27E-2)' 2 
151-100 ELİ 1utae2 THEN 'SUENSEN FPIC. SMOOTH COPPER TUBE 
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2422 IF Inn=@ AND Vw .S THEN 12o“T20-(-2.73E-471. Z5EEZA4”U e 7 7 — 
VG Ss 

2423 IF Inn=1 THEN T20=T20-(=-B.44E-5+1.71E-3*V4+4.245E=4+*UuU IO a 
2424 IF Inn=2 THEN Tzlezllos(-3. dgE-dt.. /SE— ye SE ey e I I 
2425 IF Inn=3 THEN T202T20-(8.57E-5*1.223E-2*Uwu*1.08E-5*Uu 2*8. I6E-5*Uu' 3) 

zl b EMİR 

2428 IF Istu=0 AND Iwth=2 THEN IFRIC FACTOR Gn T II ANTO E P | 
¿429 IF Inn=0 AND Vw" .5 THEN T2o=TBG-(—4.5 E 5 7 GOE eye ee UM S 
Ya 5) 

2450 IF I1Inne2 THEN TdozTlo-(d.09E6- 449 74E”4”UuU72705 07”... 

A 

2455 IF Istu=@ AND Iwth=! THEN 'FRICTION FACT GRS CORO OO ee 

2434 IF Inns0 AND Uu».5 THEN T2o=T20-1-¿.386E-4+1.B88E-2*VU+D 2136747775 Ki E 
—5* Uy “8 

2435 IF Inn=3 THEN TZo0=T2o0-(2.089E-4+9.202E—-4*Uwt| .893E-3*Vy 2-207 oe — 
Yep ENER 

¿ler PENEDSUTUSI THEN 

2459 IFfImnn=0 THEN 12o-14026000 A 

2440 1E innel” İHEİ 1207720” 00 Vie = 

2441 TE inn“£2Z THEİ eze Wu 

2444 END IF 

¿245 Meyer eee o Tl) 

2446 “üB-0/ PI Dan) 

2447 11180 

2448 kw=FNKw(Tavg) 

2440 MuueFNMuu( Tava) 

24502 Fei=Rhow*V¥weDi/Muw 15 ASSUMED SAME FOR KORODENSE 

2451 Pru-FNPrut Tavg) 


2452 Fel=0. 
2452 Fel=0. 
2250” zl, 


2455 Pra -Fru 

2455 Relif=PRel 

-del PSEUD 

Apa Om TE ve mey .3335 61 

4250 ENDUS: 

2255) IF m 7 AEN 

-46/ (58 606 0200700 700 ии. 

2465 S5rb”.323234327 35“EXPE Eer) 
24/0 Оне склет тг Saat'e sen) 
SS ELi 

2472 Von. “TEN 

2475 Epsı-(l.gerle Rer) 6 7 
2474 EmNM-15:77:-- 

2475 Peel erer EE 

2475 Ppl-e( Ep sas/8 1:Rei”Pru 
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Pow='Ppt i+Ppl 2*(Epsi/8)*.S5+(Frw .6666-1)) 
Оме=Рр1/Рр2 

END IF 

Hiskw/DisCisOme 

277 16-00 THEN GÖTÜ 2481 

x Ete Deko 

25— 1: 021:27:P1:(D1:D:):.5 

525— ::/ /1/(kcu”Al))”.5 

2 618(0:2*02) 

2— ebe Dr rte, E 

fei *P2/(kcurAL)) .5 
FelsFNTanh(MI*L12/CMTIsL 1? 
EECcENTlanhCoM2*L2)/(€M2*L2) 
m-oUPI*Dae*(L*Li*FeltL2*Fe2)*Hi?) 

IF Ihis0 THEN 

mu coMuu/FNMuwtTavgt*tDt»?»?'.14 

16 (Cfc-Cf2/UTc?:.Q20l THEN 

5 ““Üfc).5 

CÜTÜ £461 

END IF 

ene IF 

Steckel THEN 

2 -EMPrut Tave:Dt) 
ReifceUusDisFNEhou(CTavg*Dt »)/FNMuu(CTavg*Dti?) 

— owrce-PruftoO/yPrutco-.Q0! OR ABS (Feifc-Reif2/Reifc?..üQl THEI 
— cuPrufctPrwf 9/2. 

Be (Reifc+Reif)/2. 

GOTO 2461 

END IF 

END IF 

H50-ITto 

2:7. . -)ıİ)1)1:/LUb((Tsteesm-İİli)/( Tsteem-120)) 
Ma=0/(Lmtod*+F1+=Do>L ) 

A Mo DoO*L/(D1>=(L+L1+Fel+L¿*FeZ2)*H1)-km) 
fe? =Up / Ho 

UpsceFNCput(TcontTsteam)r.5) 

Hf g=FNHf og! Tsteam) 

Two=Tsteam-Qp/Ho 

ln iwm-Isteam/53tTwuo*2/23 

Kf-ENKutTfıilm) 

RnofeFNRhoutTfılm) 

MufsFNMuu(CTfilm; 

2 1277) jo 49 514Н7То/(Ми?2О0огх0р/?”.5253 
41, 77PU :):” So giTTTtevsRlaot 7/7€Muf*Do*Tcf 22 .,25 
hipisz.728*Ho/Hnuss 

m7 010-173 1n 

Qpa(J-1 )=Qp 
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2554 У=НрагОр .3322 | 
2557 Х=Ӧр 
2564 6-0 

Şb eyi 

ZƏBE Ss 2 

¿569 My => Y 

A 

2575 О1о55=0/ (ИН20925)*(Тејеат-Тгоои) TOE “Mei ee 

2878 Bte-E NR lem 

2554 Mdv=0 

2507 Ep-(Bvole yo /5 

code Hse=Cese* (te lear-)conm 

2593 Mdve=((Bp-Q)loess МР WE 


2596 ke "EREECHEN EN 

2593 Eeer rin 5 

SE: — GUI )E S 

2505 ERBEN 

2БӦР Моу=СМау- МК инк 5 

2611 Vo=FNUVvstíTsteam) 

2514 Vv=Mdv*Ug/AÁ» 

BE F=19.81*Do*Muf*Hfg)/(UVv"2+kf*(Tsteam-Two)) 
2623 Nu=Ho*Do/Kf 

2626 Ret=Vv*Rhof*Do/Muf 

2855 15 A eMe 

¿670 Hf$9g9g-.9659€5.81*Hfg/Tcf Oo X sh pU MI OS ve ии 
¿Boo 159127” Ul 

A 


A PROS INE SO Rel Hı Uo bf ye 
Bim ди 
2650 PRINT USING “SX ,Z.00,1X ,3(MZ.3DE ,1X),5xX ,2(MZ.3DE ,3X ) © u Rei KI IED ии 
0 
ZEE Er NN 
2557 rl e Ho q Ter Nuke E 
Алас̧ јн 


2655 FRINT USING “SX ,2Z.00,1x% ,2°MZ.3DE ,1X) 2x ,SD.DD 2Хх .S( MZ. SUE ии әми 
f ,Nr ,F,Hnuss 

26356. PRINT 

Gop- ENDATE 

coed TEX edeli 

2660 IF Jhi=1 THEN 

2661 PRINT USING "11% 00,2X ,7.DD,1% .5(MD.S5DE ,1X) 2030-00 14) ale) 7 — 
Qo, ,Tcf ,Tsteam,Sra 

Looe” ESSI 

¿668 PRINT USING “11xX,DD,4X,Z.DD,2X 2(MD.3DE EES 
Uo Ho Ов Ter Ms tear 

zarı ENDETE 
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END IF 

1 1n-- THEN 

— 0:0 ҺМУЈ 1)obe1) ÜR İlu:l90 THEN OUTPUT 6Filep:Üp ,Ho 
END IF 

BEEP 

IF Im=1 THEN 

57 =e AND Jjeb=1) OF lwil=1 TREN OUTPUT бРЕ:1ер:Ор,нә 
1 CHANGE TCOOL RISE? 1=Y, 2=N" Itr 

K r= THEN GOTO 2384 

MV Ok TO STORE THIS DATA SET (1=Y¥ ,@=N 7" Obs 
EEO s=] THEN 

2311 T EF le:Vol Bamp .Etp,Fm,İl1.12 Pvapl .Pvapez,Emft£ ” ) 
mus -nipliThlp:Z 

ELSE 

j| J-1 

mE IF 

BEEP 

14: THERE BE ANOTHER RUN (1=Y ,@=N)?7" ,Go_on 
Nrun=J 

ce cm .0 THEN Repeat 

5 

Ee Nun THEN Repeat 

END IF 

IF Ijcb=1 THEN 2805 

Peeiwii=G@ THEN 

2.04 File TO > 

ljob=1 

lwa=1 

unu Wilson( Ci ) 

Im22 

25 16) ©€File TO D files 

COTO 1156 

END IF 

feel fo=@ THEN 

PRINT 

75. imum? o4-y—-ay* Ss )/(NruntS-s-S- 2) 

Glee /-cli5” //ilfun 


e e “Lleast”Snueres Line for Ho vs q cuürve:””” 
257111 USING “105, Slope zu cM dE 15] 

BENI USING "10% "" “Intercept €” MÜ.4D0E” ,8c 

Ев 

Beer 


INPUT "ENTER SAME TEMPORARY PLOT FILE NAME" Fplotg 
ASSIGN 6Filep TO P files 

FOR 1=1 TO Wrun 

ENTER 6Filep: Dn Ho 
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2675 ENTER lı ca 

2885 Xc=LOG(Qp/Ho) 

2884 Ус=106(Ор ) ( 
2885 14=224Хс | 
256 Zx Ди 

2887 EE 

2550 Ayo e 

577:5:15 77: 

ди BO 15 

2631 AasEXP((7y Bb. y/ Nr nb 

285 PRINT 

2995 PRINT USING "10X, "Least-squares line far q we o oe 
2694 PRINT USING A ie 

2395 PRIN] lh ee e - v ez 

2646 TF 7 21 EE 

zg İKM THEN 

2898 Üps SES 

2659 16 Ли Q MEN Mep s E 

¿902 IF l1icei MENE mop bos E 
2505 ENE 

24246 12:12“ 72 /Eİ 

2201 Одре=- Es 

Pos RE E eg Kee ra 

2417 Hoesch EE e e EE 
2820 ENDET 

239225 Hossña €” Eb XUB AEE M Ди. 

Mep 1E.iuceo 1155066 0 ид 

2828 IF Ipce1 THEN Aas=2.S9E+4 

2930 Alpsm-:.8176 ISWENSEN DATA 

22615 IF Iwil IPEN 30102 SS 

ele EE EH 

2354 Enr=Hos/Hop 

2385) Eripenas fas 

ede ER 


x (o m mum 


2941! PRINT USING "1@X ,""Values computed at q = °",2.0D,"" (MW/m vam 
6 

29441 PRINT USING "12X ,""Heat-transfesr coefficient = "" ,DDD.DDD,°”° ‘kW/m P D 
:Hos/ 1000 

2847 FRINT USING- "124, "Enhancement ratio “0217100277 7 07 n; ii 

2850! PRINT USING "10X,""Enhancement ratio at constant Delta-T € “” .DD.DUÜ OMM 
29535! PRINT USING "10X Enheancenent ratio ta © ema em e = "" DD.DD" ; EW 
155” 


¿256 ELSE 

LEI APRI 

2352 1911 EN 

2965 Mas=268f.2 1 ZEBROWSKI (Y € 214757 

2368 Mas=2¿557.0>1 .01905/Do0+". ER 
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2:77 2018302/00) 225555 | VAN PETTEN (V = 0.25 m/s) 
evo IF 


27:17 —. IHEN üss-8255.7:4.018505/0o)?”.32232 
Edt-Aa/Aas 
BrEEdt (4/5) 
me PRINT USING "10X,""Enhancement (pi zw mpeg En 
EE UIUSINO "I0X," "Enhancement (Del-T) = "" DD.3D";Edt 
END IF 
! TF Im=1 THEN 
BEEP 
ELİNİ 
£ 0001806 “10X."“NÜTE: "",72,"" data poaints were stored in file "",158 
m files 
me! END IF 
[SEP 
PRINT 
See USING "10X," NOTE: "".77."" X-Y pairs were stored in data tile "" 10 
775: 
BEEF 


ЕМҸ File TÜ ə 

ASSIGN GFilep TO * 

2 "DUMMY" 

I :o-2 THEN CALL Raw 

BEER, CRLL UilsontCai) 

EExEISso-4 THEN CALL Modify 

55-5 THEN CALL Puro 

IF 1coet IHEN CALL Renan 

END 

WE FNPvst(Cic) 

Eeirld/ Ift. istu 

ENT KCB) 

IF 1ft=0 THEN 

E e bi =26.0860236396 ,-165.1706546,B4. 23285504 -118.59646225 
22112 5. 1742 .20.57505758,1.E83.E 

READ Kt) 

Wate te So. 151/647. 3 

Sum=0 

FOP N=Q TO 4 

577 “üm İl) 1-1)” (Nr1) 

NEXT N 

fe 5” SS A A SO A A O IA AA A O 
"s Pr=EXP(Er ) 

ИБӘ 2=22120020*Рг 

E55 END IF 

moG IF Ift=1 THEN 

BES TfeTc1.8:22:458.6 

277 0 (2 .-0655-4:3:0.88/117-5..2525:L61(Tf 942.0523E-2:1f) 
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P-P*101225/14.698 

END IF 

IF Ift=2 THEN 
A=9.394685-3066.1/(Tc+273.15) 
P-133.22:1078 

END IF 

RETURN F 

FNEND 

DEF FNHfg(T) 

COM /Fld/ Ift,Istu 

IF Ift=0 THEN 
Hfg22477200-2450*(T-10) 
END IF 

IF Ift=! THEN 
Tf-T.1.8:22 


Hfg-7:085785T7EtiI-Tt* C4. B5BUBPE e 0 “ER ии 


Hfgshiig * 299895 

END TE 

ie EN 

1:51:::1/£ 

Hlfuz :55254E”5- Mö. S8. DE e D EM 
END DE 

RETURN Hfg 

FNEND 

DEF FNMuutT) 

CUM Ee lew 

IF 1ft=0 THEN 

H= aT e Ta 

[iusso DES 

END IF 

EAS 

Мо-8.36298|9Е-4-1Т-(1|1 IZ9:46085-4562 7” 
ENÜ IF 

IFEI t= THEN 

Men 5) 


MusE/P(-11.01794T1b (01. 744E tec ed ye ve 1 e s 


END IF 

RETURN Mu 

FNEND 

BER SEND Coie 

COM Zezi NORD 
Tet eme 
P=FNFvst(Tt) 

tee. (oa 
Xi 

Fiziki Ед 
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) 


Aen kel 





Ú 
Zä 
LJ 


~J 


Cc OS te N] 
фә — 05 UI FJ cag 


WN OMG GQ CPT! TE] 


T» 
A rf 
C3 -J 


405 
408 
403 
412 
415 
415 
421 
424 
427 
450 
425 
425 
458 
442 
445 
446 


lb 53ЕХР(Х)/Х".5 
5-07: “r İ- . 00054292-.0924882*2 
2— *F/(461.52+*T) 
1 ə )” .52/KkK 
END IF 
E5717t-I THEN 
miel. 8+2 
7 -—0/-Iif-( .1I5127252-1f“5,İ728130E-4) 
UEUZIB.018 
ew IF 
1 ift-Z THEN 
BR... 
5.75: Tt ) 
5: 5:"1V/B 
END IF 
RETURN V 
FNEND 
nus -NCDu' T2) 
757 r: idu” İft istu 
Peelft=@ THEN 
Вн :0K - - ...ıE9.5E-2-1:(4:42281E-5:2.71428E-7:1)) 
ERU IF 
Meeelfi=| THEN 
577. 750739 5E-I*T*(98.5400432E-4*1.72077872E-B*T ; 
END IF 
Wee lft=2 THEN 
W=T+=272.15 
dE =2 +1) +03. 3I50853E-3-T1+>(07.224E-6-Tk+7.61743E-39)3) 
EnD IF 
RETURN Cow+10@2 
FNEND 
HE ritnhhow!T ) 
Weer ic’ Ift istu 
net THEN 
2— VU)” 11269-1*(5.482515Е-2-1*1.254147Е-5)) 
END IF 
IF Ifit=1 THEN 
mee a rv Te oa BB AB. 551782 S9TE-5) 
END IF 
Vet: THEN 
ük aal 
e eee 056 7  ı 444 ÜTT #5 .0S7E-12)> 
Fo=1/Vf 
END IF 
RETURN Fo 
FNEND 


211 


sr] 
5454 
457 
5460 
5465 
3465 
5469 
257. 
3475 
3478 
3481 
5484 
5487 
2450 
3493 
2595 
5459 
2.0. 
2555 
2508 
2 
23514 
2517 


ja 
292. 
06 
259 


mə b s ə 
5552 


226 
2056 
254 
3544 
5547 
3552 
2956 
3555 
2599 
Dp 
4565 
5568 
257) 
4524 
S50 
3580 
goes 
3586 


DEF ис D 

PruFNtpuvTorENMuu r ии) 

RETURN Fru 

FNEND 

DEF FNKw(T > 

e PST 

IF Ift=@ THEN 

Ao a. SS 

Kuss, D keet Ee EE 
ENG TE 

IF Ifi- TREN 

kwu=8. 20952366E Tet e EE Ee 
END IF 

IF Ift=2 THEN 

TE=T+2 ia 

Kw=4.. 1e6SE=4*(519 4424. 5205207 it} 

END IF 

RETURN Kw 

FNEND 

DEF FNTanh(X) 

PE” 

ELSE) 

Eam 0756) 

RETURN Tann 

FNEND 

DEF FNTvsvCU) 

COME Cer sae 

106069 

FOR I=1 TO 7 

Tee Eegiel 

NEXT 1 

TeTr4. 73265E-3r1:(07.568254655075 p S ии, 
RETURN T 

FNEND 

EEE n 

CU laz el ə 

IF 1ft=0 THEN 
Hf2T*(4,205848-T*(5.88l52bE S420 d e 
ENDE T 

Iml inek 

Tteped iv 

Hief, ZE lk Tree 6 A 
lt 52 

END IF 

Jr I c THEN 

Hrs250 STO BE VERTE TED 
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END IF 

RETURN Hfə 1000 

FNEND 

DEF FNGrad(T ) 
BEadss/.8855T004588*T 
RETURN Grad 

FNEND 

EEESENIvsp(P) 

Tu=196 

Т1=10 

a CTorT1)*.5 

ES SENPvsttTa) 

157 OE-PcO/P)..0001 THEN 
15. THEM TleTa 
mere Fr THEN Tu=Ta 


GÜLÜ 5619 
ENO IF 
RETURN Ta 
FNEND 


fee ENSigma(T ) 
peg. O-1-275.15 


6-1115606536807/(15.53*Х)41.1214045882-2-5.752805618Е-6әХ41 
88597 1328E-119X73 
(2 


MES KETURN 5-.001-X”2 

ap FNEND 

Bol SUE Raw 

m COM /Fld/ Ift,Istu 

554 DIN X(28) 

m7) INPUT "ENTER TUBE NUMBER” Itn 
M6 INPUT "ENTER FILE NAME" Files 
ENS ASSIGN @File TO Files 

680 INPUT "STUDENT (@=Swensen?)"” Istu 
681 INPUT "SMOOTH ÖR FINNED ( 0-5MÜOT 
M INPUT "ENTER TUBE SIZE (0-88 1“, 
az INPUT "ENTER PRESSURE CONDITION 
683 IF Ipc=@ AND Ift=@ THEN Us=2 

ES! IF Ipc=0 AND Ift=2 THEN Us=10 
Baz IF Ipcs! AND Ift=0 THEN Us=1 

Mi IF Ipc-1 AND Ifts1 THEN Vs=.25 
BS4 IF Istu=1 THEN Vs=2 

696 Nrun=18 

100 INPUT "ENTEF NUMBEF OF FUNS",Nru 
EDS PRINTER 15 721 

Ob PRINT 

EOS PRINT 

"10 


17:00 TREN INI USING “IG “Data of Suensen"”" 


jJ 14 D) IT, 
ucl gp 7105 
(@=V 1=A)" ,Ipe 


n 
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pe (di Ec 


6715 IF IftsÜ THEN PRINT Nee apo r Po 

6716 IF Ift=] THEN*BENNTI EEN Eelef 

6717 IF Ift=2 THEN PRINT USING "1@X ,""Vaper 1s ethylene glycol"”"” 
6/19 IF Itds-0 THEN PRINT USING "10X ,""Tube diameter: Small eae 
6720 IF Iltds=1 THEN PRINT USING “Tax, “Tube dvamet eae Medium" "" 
Б721 IF Itds=2 THEN PRINT USING “10% ,°"Tube diameter: Large" "" 
6722 IF Itds=3 THEN PRIN] Kl IN 9005670 e ии Ge 
6724 PRINT 

3725 PRINT USING ge ТоБбе NONDE ım 

6726 PRINT USING Va Filer Nene: See ee 

5727 IF "Lfo=0 THEN PRINT USING MS E Smoot it 2 

6728 IF Tfe=l THEN PRINT USING Sie 1715270 SS Fınned""" 

5730 IF Ipe=@ THEN 

6731 PRINT USING “10x ,° “Pressure Genditien. Li = 

5720 ELSE 

6735 PRINT USTNG “107, Press 27 .on117101 mo NO n n 

Бинә ED NIF 

6755! PRINT USING “Jax “Yaman <Ve loc rı — " DD.DD." " (m/s) NE 
E 5 ENTER 6File: ln” Lum 

6759 IF- -Itds=I™0R Itds=2 THEN Dr=. 812 

6742 IR iiescü OR Itüdsšs=5 Hip DOSE 

6147. ¿ENTER €Exle:lut Ер usb 

6748 IF Istu=@ AND Ifg=1 THEN 

5:50) FO. 

5751 PRINT USING "IOüX,""Fin spacing, width and heioht (mm): "” .DD. DUŞU "MEM 
EIE ec Ek 

Бир. ENG IF 

Ep PERIIT 

B75’ PRINT USING Tax bata Vw pin lout li "s 
6758 PRINT USING “10X."" £ (m/s) Së (с) r 
6760 PRINT 

бинә БОК ИДИ üm 

Gibb ENTIER SFilesyx<*? 

6259 TIs=PNivsvS/((X(8 4h Coe 2a 

6770 e is -15 

6772 Fm=X(3) 

pr 6 Jim) 

S975 Kee 

6741) Tava (TİTİZ “S 

6784 Ift=0 

6775 Rhow=FNRhow( Tavg) 

6787  MdsCB. 7408 *F wt] S SUR ore 

6790  MdshMg*tlo02655-1.95544E-5*qi rb Ee 77”: 

6795 MfeMd/Rhou 

6796 Vw=Mf/(Fl+»D1 2/4) 

6799 IF Inn=0 AND Vw*.5 TREN 12=12-(-2.72Е-461 775Е-4" 1169 aE A a 
Eo 
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7” Le b 44E-5t)./lE sud Ee kg 07E -5u 3) 
e e - Te Ee E e te IBE-5*Vw" 3) 
NEE 18.5 7E=5+] .23E-3*Vu+1.08E-3*Vw"2+58.16E-5*UVw"3 ) 
Edel TOX ,DD,5X,D,DD,3X,2(DD.DD,35X>,DD6.DD0"51 ,Vw,T1,T2,Ts 
NEXT 1 

BHSSION BFile TO * 

SUBEND 

ME Wilson((Ci ) 

ww v7 Ncoun.ltím.,Iuth,Imc,Ife,Ijob,Iud,Ifg,Ipco,ifto,Iuil;Ihi,loc,Inanm,F 
хр Rm 

Oey /Fid/ Ift,Istu 

251 /Ceon/ Ül ,OZ .Dıi.,Do,L,.Lİ,.L2 

75:17:50) 6vo 5) Bamt25? .Eatat(25) -art25 7) ,Fma( 2S), Tiat(25) ,Téat cs” 
IF loc=0 THEN 

201 USING "16X.," "Nusselt theory 15 used for Ho"”"" 

EESE 

Beene USING “16% ,°"Fuj11 correlation used for Ho"”"” 

EN IF 

BEEP 

MM RE-ENTER DATA FILE BEING PROCESSED" ,D_ files 

BEEP 

EN Give NAME FOR XY PLOT-DATA FILE" ,Plots 

GPenleE BDAT Plot$,10 

wv ION Clo path TO Plot£ 

Јј=0 

ASSIGN BFile TO D_files 

eer @File;lfg.,inn 

IF Istu=@ THEN 

ENTER @©File;Odd Dad Dad ,Odd 

ESSE 

I G THEN ENTER @File;lut 

7 --—) THEN ENTER @File;Fp;,Fu,;Fh 

END- IF 

IF J)=Q THEN 

Wee =O THEN Ci=,027 

=>] THEN Ci=1.00 

5 Ri“? THEN 6121.00 

117g-0 THEN А1р=1.2 

We 'o-| THEN Alp=2.6 

tte AND Ifo=1 THEN Alp=5.0 

ES IF 

J=Q 





p uv D E 
E Wu s 
ı 
I O ° 


<N 
" 
Ço € 
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69221 READ DATA FROM ñ USE S O PECIFIED FID l B ei RP O K K: 
6925 IF J30 THEN 

69:26 IF Metu VETEN 

6931 ENTER GF1le¡Evol Bamp EE” m Lİ 177700 ae 


635? ELSE 
6934 ENTER @File;Bvol,Bamp ,Vtran,Etp Emf(@ ) Emf(] )Emf (2) Emtia 22 tm e 
War ho ,Pwater 


bees ENDIF 

6958 EBvotluqazBzel 

6999 Ban Bam 

6340- Eata J= Etip 

6943 EariJ @)=əm 0) 

69460m Ear. J OCEN ии: 

YA) En. me 

6152 (Bart) 9 eni o) 

5955 . Bart.) 4 )=Emi 4) 

6956 IPAstu=1 THEN OT SM 
6 565 Eom Ey (e) 

63959 E euer 5) 

BE Part ил ии. 

BÖL Ema vim 

BSb2-- T3 7 ma 

6454 aci 

Boer ESE 

6970 söVvol-Bvset4) 

5373 Bamm=Bam( J) 

İp ElpeEatatl? 

bir) Emi i(0)=E3sr C О) 

6932 m (I )=Ear( J 1) 

Bass [Ente ¿Bn 29 

ds. Emi “er mo) 

6531 Em?:420-ESEYVİ”4? 

БӘӘ IP Iistu=l TREN .G0IG 6927 
Boot [sj n = Gn 

Eat Eeler 

bale Emi dr? 

6997 Fm=Fma(dJ) 

6993 Tice 

7000  T22T2a(J) 

1003 EINE 

7004 IF Istu=0 THEN 

7006 Tsat=F NEE y5 (EMm (CO temic o y oD) 
(007 Meat=lSar 2] S 
7008 Ti-FNTvavB6t(Emf(2)) 
(010 Tol=FNIVS SENE (4d) 
7012 Tı-lı” 9 15 
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1) -1o1-272.15 
25 -nf(22:Etp/20. 
ҝн 11 04Б4Е-Е*Е1р121.21/016Е-10*Е:1"2-5.11642Е-15*Е1р105–2.229: 
Eta” a 
Tris=Dtde»+Etp/10. 
fe=-li+{ris 
Hec 
Tsat-FNTvsv(Emf COD) 
tr  0:::v(tmf(2)) 
ENSd-rNorag((TITT229.,5) 
To=T1+ABS1Etp)/(10*Grad>*1.E+b6 
END IF 
1 JE THE 06 MEAN-TEMPERATURE DIFFERENCE 
IF 1510=0 AND Itm=@ THEN 
Tf=Ti 
li Tol 
END IF 
Pee ltm=)] THEN 
TfeTl 
1 
END IF 
feeltm=2 THEN 
Ti-Tı 
TleTo 
EN» IF 
eG if:Tl).5 
Митзе=-11-1? 
mmo rise/LUG(( isat-lfi/(Tsat-Tl)) 
1ft=0 
Cpw=FNCpwíTavg) 
RhowzFNkhoutTavg? 
Kw=FNkuwtTavg) 
Muwa=FNMuw(Tavg) 
2” Prw=FNPrw( Tag) 
M4 ift-ifto 
655 IF Istu=@ THEN 
Mor Mdt=(6.7409*Fmt+15.0@27 5/1000. 
EN . “0: 00565-If-(1 .ƏS5544E-2-11f:5.252E-B)/1.0037 
|) ELSE 
EE Mat=1.04505E-2+6.80932E-3+Fm 
BEEN S 005” 00 İ .05044E-2-İf:5.252E-62)/.385434 
NES END IF 
05b Uf=Md/Rhow 
857 VurcVf/(P1:0ı 2/4) 
BE” Uss-Uu*(Di/l1.2YE-2)0^2 
07 111: e İp THEN Т5ЈЕМ5ЕМ FRICTION FAC. FOR COPPER TUBE 
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Ee 

7078 1F 1nne1 THEN Trise=Trise-(—-6. 44E-S54+1 .71E-S5*Uwt4 4BE-4 UU e ya 
7073 IF Inn=2 THEN Trise=Trise-(-3. 99E-44+2. 7SE-3*Uwtl 45E-3:U0 qO 155 — 
7080 IF Inn=3 THEN Trise=Trise-(8.57E-St+! .25E-3*Vw+! GEE-43:Vu” 2721557227 
(081 ENU TE 

7085 IF Istu=@ AND Iuth-2 THEN !OREEFE FRIC. FAC. РОК 5БМбОТН ТРРАКФИИМИИ N 
7085 IF Inn=0 AND Vw".5 THEN Triseeİrise-(-4.82E-5-7.53E”4 “Uu. 5828727706 
E-5*Vu WS) 

7085 IF Inn=% THEN Trise=Trise-[(.2.09E-4+9. 74E-4*Uw+2.12E-9* 10 S e aa 
müs zı F| 

7086 PP Istu=0 AND luth=1 THEN 'FRICTION FACTORS PURA Oe ove lee 

7089 IF Inn=@ AND Uu».5 THEN Triseeİrise”(-2.385E-441 . S8E-2“Uur5.21:587 DE 
(55E Sey 2) 

7090 IF Inn=3 THEN Trise=Trise-(2.089E-4+9. 202E-4*Uwt! .B95E-3*UwW ZN 
E 

“uso ENDETE 

7092 IF iste TEN 

70345 IF Inn=0 MHEN İrisezirıse-( Mep 001505), 

"094 1F inneİ 1FEN Trisez ic16287:02420 0 2 

7085 IF Innzz2 THEN Irise=lerse- 2004 Vues L 

7100 END IF 

"10g Q=Md*Cpw*Trise 

TUL. EE cera) 

7114 Uozüp/imtd 

7117 ReeRhousVu Di /Muuta 


7015 IF inn-ü ƏND Vu) DE һа 
H 


71227 iege 
1123 Fez=0 
Zİ T Ди 


MM PRESA 

7128 Reif=Fe 

r m fig 

(12521 TWo= Isa 5 

Nee İtimat Ny) 

7135 KfeFNKu(Tfılm) 

"ies RRO SF NPAO Ifill? 

“idi Мат -ЕЫМ МС ТР: 3 

7144 HfgpskWHfg(lsat)t.b3ef NG pk Tee) e emt a 

(1471 Newskir(Rhof 2:3.5İEfap” lu b e Fa n 11: 

7148 Neue(Ef“2:8.61:Hfap-Rhof 2/(Muf*posi sai e m 

7150 1F loc=1 THEN 

7153! New=Kf+(19.81+Hfgp/0p? .25)*( (Muf Doy 575 s ( Rhot 77 D a 
7154 Neue(8.81:Fİfup/”Tsat"Tuo7?7/ 2957 67 FIS P pe MN 
56 “İLİ 

7159 Ho=Alp+*New 

7162 Tuoc” sat” Hb 7 Ho 
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“02 


225 
204 
1205 
1206 


p^ n 7 


E ( 
208 
209 
E 
E! 
15 
E17 
Eg 


1909 
t C oL 


125 
Erz 

Ec 
ES 
(22 
154 
ES5 
Eat 
Bz? 
2295 
110 
SEA 





75:66  Huocc-luo )/Tuoc?-.001 THEN 
Two=Twoc 


5510 7122 

END IF 

RespieReəsp 

EERO THEN 

Omega=Kke Re«pis*Fru^.2222*Cf 

ENO IF 

Hahi] THEN 

7575 AA, +Pruf h?) 

2... 020 .5“E-P(-bəFruf ) 
Mmeoa=(5.+.015*Reif “Sra+Prwf' Srb?) 
ENS IF 

iz inhiı-2 THEN 

5— 1. o2* Gi (Re )-1.64)°(-2) 

fer =1.+5.4*Eps1 

5— -— 0). 7?Tİ.cəPru”4(-1/3) 
pl-(Eps1/8)*kesPru 

кк | lr pi Ep:1/60?”.,5“Pru”.5565-129 
Omega=Pp1/Pp2 

END IF 

Hiehu/DistisÜmeqa 

Mee ite=0 THEN 7216 

SEE 1I+1D1+D1) 

2— :01:02) 

a 0) [)i)ePI*(Di+DI] )> 5 

кә [ji )*FI*(Di+D/ Are E 
MI1=(H1>P1/(Kcu*Al)3".5 

Ew — “P2/(hkcue22))”.5 
PESENTanhtM1*L1)/(M1>L 1) 

— —.1:nh(112“L£ d/(M2*Le ) 

25 (CP lei et +l 1*Fel+L2+Fe2 )#H) ) 
NEETIhi-0 THEN 

Muwi=FNMuw( TavgtDt ? 
Cfc=(Muwa/Muwi )°.14 

Memeo. (Cfe-Ct )/Cic)-.00@1 THEN 
52: “fc/”. 

GOTO 7184 

END IF 

END IF 

STARTS TAREN 

E506-FENPrut Taevarüt ) 
Re1fc=Vw*D1>*FNRhowtTava+Dt)/FNMuw(Tavg+Dt ) 
BEE Eege .00l OR ABS((Re1fc-Reif)/Reifc?) 
2007 P"rufcPruf 972. 

Be HeDİCİEz11772. 
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. 001 


THEN 


A B. 
7245 EMNU”LF 
vals” ENDATE 
16 2170-1076 
7-47  A-Do*Neu*L/(Omega*kw*CL*L1»Fel*L2*Fe2)) 
7248 YeNeuv  1/Uo-Rm) 
42495! COMPUTE COEFFICIENTS FOR THE EEnb 02055 S ii an 
“250 IF Vpel THEN 0017017 el Pos ve 
UNES  SxSSNXTÀ 
Yaa 2/57 17 
7258 S.555x51XıX 
7261 BRy=SY NY 
7-64 IF im=1 AND Jj=0 THEN OUTPUT GF1le;Bvol ,Bamp,Etp,F m, TI T2 Pyan ән 
* ) 
MED Jas ER 
(210 AF J Nrunr ENSE es 
212 Selen Lettre Ee Eege 
Mu İF Imıle: THEN 


eg IF Inn=1 AND 0i=.009525 THENSEeİ- OS 70 50010 ии 
nö IF Inn=@ THEN Sl=17 3842 

79895 | IF Tnn=3 EMI c 

EE IF Inn=i AND DI= ere EE 

75: IF Ift=2 MEN Si: 055 


(eet TE Sim eee 0 7” 
236 TESNRICUOSUHEM 51-1/176 
“268 TE 1h:-2 1HEİL l /) a0 

yas] ELEAŞIF 

M4 ey lx. vii 

on E ol 

тди AC 

T3505 dI JH] 

"eb IF a= THENTI p=? 

Tan. Gens, Ic e 
Tal? Aert ее nis lm) 

7515 . le ere TOO OUR EE EE 
12 E 

155 Gimp Гәти ади = 

7524 BRE? 

2st d Lob HENOOSOM 

toe BESE 

5 V Jp QO Tp - | 

Ta e ENDIF 

(529  IPEUIpst Mens 

vaiz Ge 0 75 

A i 

7346 IF Ih1=0 THEN 
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CI CI CIC 
am am 


3 
5 
6 
7 
30 


Lİ Ul 


J 
(Dt 


E3- 
52 
594 
596 
E97 
98 
699 
401 





PRINT USING “10% ,""Ci (based on Sieder-Tate) 


END IF 
BEEIh:-] [HEN 


PRINT USING "10X,""Ci (based on Sleicher-Rouse» 
PRINT USING "IOXx,""Re e«sponent for Sleicher-Rouse 


END TF 
551n1i-2 THEN 


25 UoING “10x ,°°Ci (based on Petul hov-Fopov ) 


END IF 

18 .0c“0 THEN 

AANT USING “"10X,""Alpha 
ED IF 

lz Tocel THEN 

gee USING "IOX,""Alpha 
END IF 

IF Inam=5 THEN 

IF Ihis0 THEN 

IF Ipco-Q0 AND Inn=@ THEN 
IF Ipco=! AND Inn=@ THEN 
IF ipco=@ AND Inn=3 THEN 
1500ncozel AND Inns3 THEN 
ED IF 

MN Thi=1 THEN 

IF Ipco=® AND Inn=0 THEN 
TE İpcoel AND Inn=@ THEN 
IF Ipco=0 AND Inn=3 THEN 
NE 5co-i ANU Inn=3 THEN 
ES IF 

Mim. THEN 

IF Ipco=@ AND Inn=0 THEN 
IF Ipco=l AND Inn=@ THEN 
IF Ipco=0 AND Inn=3 THEN 
Hö iuco-lİ AND Inn=3 THEN 
END IF 

AD IF 

IF Inam=4 THEN 

BEEInco-1 THEN Alpsm=.676 
END IF 

IF Inam=@ OR 1name2 THEN 
IF Ipco=0 THEN Alpsm=.83 


(based 


(based 


Alpsm=. 
Alpsm=, 
Alpsm=. 
Alpsm=. 


Alpsm=. 
Alpsm=. 
Alpsm=. 
Alpsm=. 


Alpsm=. 
Alpsm=. 
Alpsm=. 
Alpam=. 


OWENSEN"DA TA BASED ON 


on Nusselt (Tdel 


sou (148177 


62177 UNOCENSER T VACUUM == 


) ) 


IN] 


Pl 


557601 
50 9301 
-DODA Sra 
.40"74С: 
-4D"; Alp 
507516 


ŞEK a”) 
13355 EE EE eech 
ies EC ele eebe 


cç 11 HERE 


I HEATEx ,UĞCUUM , 
I HEATEX ,ATMUSPHERIC ,S-R 


rm 
- 


` 
– 


EE 


2  !NO INSERT .VACUUM ,5-R 
8 INO INSERT,ATMOSPHERIC,S-F 
| 
q 


25:70 711091 lee EE PSP 


RE e E Eck 


EE E EE EE kk 


liy az 


IF Ipcezi THEN Alpsmz.8ğ 
et | THEN Alpsm-.733 
1:27 7: 1IHEE  ülpsm”.877 
57277 El Elusnel. 252 
E EE 

BE 


PURS ONTA TAGS 
EB (Y 
l paesi ETC 


DEEST 


55:-:2:1575127111500 HA FOR P-P FROM REPROCESSING 
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7402 IF Ipco=0 THEN Álpsm=.8437 

7405 IF Ipco=1 THEN Alpsm=.8418 

7404 END IF 

7405 Et=Alp/Alpsm 

7406 Eq El E2253 

7407 PRINT USING "10X,""Enhancement (q) = "* DD sd ee 
7405 PRINT USING “TOX, “Enmhənsenaenıı:? o pel m = ^" DD ob s. 
7405 ASS pe lee | 

7410 SUBEND 

7519 SUB Modify 

Tae “COM ho pirtu Isla 

fae. DINEM o9 

TE BEEP 

7528 INPUT “ENDER NAME Or Elle O Ree 
Ya ASSIGN 1166101100 

7344 CREATE eco vE ERa 

7537 Elle AO TES 

(340 ENDER UCR e ln 

(543 ОЈТРОЛ CF ate teal ea 

7544 IP Feck 

7546 ENTER CPi lee. eee En 

7547 OUTPUT GFPrleg:lUt mE m 

2:2 EL E 

7548 TF Los DEN 

7551 ENVER e e 

7552 OUTPUT OFiTed in. 

Tabu ss 

asa IFE ə nE 

1225 ENTER erıleos'n kü Fl 

755b OUTPO[ @F i ilediFp ru Ei 


Tes. ENDE 
(45 END E 
e BEER 


TƏBİ TPNPUT “ENTER NUMEER SOP Alt Sselts > o Erel 

T562 FORTISITIO N 

7352 JIFR1 OOST HER 

7555 ENTER @Filso:Bvol Eaeamp Etp (m Ve E 

1566 ELSE 

7567 ENTER @©Fileo;Bvol ,Bamp ,Vtran,Etp ,Emf(@) ,Emft(1).Emfi(2) .Emf( 3) Erin ә ки 
I- Fho Fuater 

(apo. ENOR E 

7570 | PERFORM CORRECT TONS 

7571 PRINT USING "ZX-" DO yoğ WS mp SE e el e ee 
(572 INPUT “üz ES il E 

foto Eeer ISSO 

7576 IF I5tu=0 TREN 
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| 

577 OUTPUT GFilediBvol,Bamp,Etp,Fm,TI ,T2,Pvapl ,Fvap2 ,Emf C») 
EC ELSE 

573 Тит: рус 1 Bamp Vtran Etp Emf(0),Emf(1),Enmf(2),Emft9),Emf(4),FA,T1 
me Pho ,Puater 

END IF 

NEXT 1 

ASSIGN GFileo TO ə 

ASSIGN EF1led TÜ = 

SUBEND 

75 Го 

EEEF 

MO ENTER SE LLE NAME TO BE DELETED” Files 
PERSE Files 

Guo 758 

SUBEND 

SUB Renam 

BEEP 

INIA ENTER IFICE NOME TO BE RENAMED” Filels 
r 

ieee) ENTER NEW NAME FOR FILE” Filezs 

| EENAMESF1lel$ TO File2$ 

EDS GOTO 7E93 

111 SUBEND 

Mm | DEF FNIvsvSS(V) 

84 010 /CcSS/ T55(5) 

ES]  T=T55(0) 

ES! FOR I=1 TO 5 

EE!  T=T+T55(1>+*U”71 





E/! NEXT I 
1651 RETURN T 
Wi FNEND 


801 DEF FNTvsvS6(V > 
1111 COM 6 /CcSE/ T5615) 
“a TeT55(0) 

Mi “FOR 1-1 TO 5 

191 IsST4T56CIo*V^I 


Bi NEXT I 
251 RETURN T 
871 FNEND 


261 DEF FNTvsv7(VU? 
Mi COM /Cc57/ T57(5) 
401 T-T57(0) 

DI FOR Is1 TO 5 

BE Т=Т-Т57( 11 


151 NEXT I 
941 RETURN T 
B5!  FNEND 


E5! DEF FNTvsv5E(CU) 

Ec (CU) /Cc58/ 158(8) 

mol T-T58(0) 

E! FOF I-1 TO 5 223 


8001 
5011 
8021 
8031 


Te ди 
NEXT I 

RETURN T 

FNEND 
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